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ABSTRACT 

Mayulestes ferox is a borhyaenoid marsupial from the early Palaeocene of 
Tiupampa (Bolivia). The holotype and only known specimen is a partial ske¬ 
leton which is described and discussed below. Mayulestes ferox is a member of 
the family Mayulestidae, a taxon which also includes the species Allqokirus 
australis from the same locality and age, but which is only known by a few 
isolated molars. Mayulestes and Allqokirus are the two oldest known borhyae- 
noids. Mayulestes differs from Allqokirus in the morphology and proportions 
of its molars. A major feantre of the molars ofboth genera is the reduction of 
the entoconid which is regarded here as' a synapomorphy of the Mayulesti- 
dae. Mayulestes has the plesiomorphic marsupial dental formula (!5/i4; 
Cl/cl; P3/p3; M4/tn4) and its molar morphology approaches the plesio¬ 
morphic marsupial cheek tooth patrern. Mayulestes ferox does not have a 
tympanic process of the alisphenoid, a structure whose presence is generally 
regarded as a marsupial synapomorphy. Comparison with odter borhyaenoid 
taxa indicates that the lack of tympanic process of the alisphenoid is in fact a 
plesiomorphic character state for the superfamily, and it is suggested that this 
feature appeared several dnres during marsupial evolution. The ear region of 
Mayulestes bears a conspicuous medial process of the squamosal and there is a 
shallow cavity (the roof of the alisphenoid sinus) between the foramen ovale 
and the glenoid cavity, excavated within the squamosal anteriorly, the perio¬ 
tic posteriorly, and the alisphenoid between. The contribution of the squa¬ 
mosal to the roof of the alisphenoid sinus is regarded as the key 
synapomorphy of the borhyacnoids. Other borhyaenoid synapomorphies 
are: the loss of the prootic canal, the reduction and the loss of the antero¬ 
lateral process of the maxilla, and the probable loss of cpipubic bones. The 
postcranial skeleton of Mayulestes is represented by twenty' complete or par¬ 
tial vertebrae, a few libs and most major limb bones. A comparison with 
living didelphids, Pucadelpbys, other borhyaenoids, and several arboreal (or 
probably arboreal) mammals such as sciurids, tupaiids, procynnids, rnulti- 
tuberculates morganucodontids, rriconodontids, and Henkelotherium reveals 
that many features of the postcranial skeleton of Mayulestes are indicative of 
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arboreality. These traits arc: probable ptchcnsilitv of the rail; postcrodorsally 
extended posrerodorsal angle of the scapula; anteriorly and distally projccred 
acromion; low tubercles of the humerus; circular shape of the head of rhe 
humerus; large size of the epicondyloid ridge and distomedially protruding 
medial epicondyle of rhe humerus; deep flexor fossa on rhe medial side of 
rhe olecranon of the ulna; morphology of the McV; gteat mobility of the hip 
attested by the shallowness of the acetabulum and the strong development of 
the femoral trochatucts; sigmoid shape of the tibia and morphology of its 
distal anicularion; shape and orienrarion of the ccral facet of the calcaneum; 
large size of the peroneal process; transversely compressed tuber calcanei. 
Several orher fearures (size of the neural spine and transverse process of rhe 
lumbar vertebrae; morphology of the zygapophyses of the last thoracics and 
lumbar verrehrac; long, anteriorly benr olecranon of the ulna; eversion of the 
iliac wing; relative depth of the femoral trochlea; flattened distal epiphysis of 
the tibia; great length of the tuber calcanei) indicate that Mayulestes svas a 
relatively agile, scansoria! animal capable of hounding. Mayulestes is regarded 
as a partially arboreal predaceous mammal capable of bounding and nf some 
relatively fasr bur shorr runs. Mayulestes svas certainly fairly agile and could 
have had an ecological niche close to that of weasels or martens, although 
more arboreal than rhe former. Several arboreal fearures of Mayulestes arc also 
found in Pucadelpbys, a dtdelphid marsupial from the same locality. 
Consequently, this genus is also regarded as partially arboreal, although to a 
lesser extent than Mayulestes. The fact that rhe two oldest skeletons of 
American marsupials denote arboreal habits reinforces the hypothesis that 
arboreality is probably a symplesiomorphy within marsupials. 


RESUME 

Mayulestes ferox, un Borbyaenoidea (Metatherid, Mammalia) du PaUochie 
inferieur dc Bolivie. Implications phylogfnetiques et palenbiologiques. Mayulestes 
ferox cst un marsupial Borhyaenoidea du Paleocdnc infcfricur de Tiupampa 
(Bolivie). L'holotvpe ct unique specimen connu est un squelette partiel com- 
prenanr le crane compler, la mandibule incomplete et la pluparr des os des 
membres, lesquels sont decrits et discutds ci-dessous. Mayulestes ferox est un 
represemant dc la famille des Mayulesridae, un taxon qui inclur dgalement 
I’espccc Allqokirus australis, provenant de la meme localitd et du meme age, 
mais connue Uniquemenr par quelques molaires Isoldes. Mayulestes et 
Allqokirus sont les deux plus anciens Borhyaenoidea connus. Mayulestes dif- 
fere A'Allqokirus par la morphologie et les proportions de ses molaires. Un 
caractere important des molaires des deux genres est la reduction dc 1’entoco- 
nide qui esr considerde ici corn me une synapomorphic des Mayulestidae. 
Mayulestes possede la formule dentaire plesiomorphc pour les marsupiaux 
(I5/i4 ; C/c ; P3/p3 ; M4/m4) et la morphologie de ses molaires est proche 
du patron plesiomorphc des denrs jugales de marsupiaux. Mayulestes ferox ne 
presente pas de processus tympanique de I’alispheJioidc, une strucrure dont 
la prdsence esr gendralemenr considerde comme unc synapomorphic de mar¬ 
supiaux. Des comparaisons avee les autres taxons dc borhydnoi'dcs indiquent 
que I'ahsence de processus tympanique de I’alisphdnoi'de est en fait une ple- 
siomorphie pour la superfamille, er il esr emis I’hypothese que ce caractere est 
apparu plusieurs fois au cours de fevolurion des marsupiaux. l.c squamosal 
de Mayulestes presente un processus medial bien developpe. Dans la region 
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auditive, entre le foramen ovale et la cavite glenoi'de du squamosal, on obser¬ 
ve une cavite peu profonde (le toit du sinus alisphdnoi'de), creusec dans Ie 
processus medial du squamosal antdrieurement, dans le pdriotique posterieu- 
rcment et dans l’alisphenoide entre lcs deux. La participation du squamosal it 
la constitution du toit du sinus alisphenoide est consideree ici comme la 
principale synapomorphie des Borhyaenoidea. Les autres synapomorphies dc 
la superfamille sont la perte du canal prootique, la reduction et la perte du 
processus anterolateral du maxillairc et la perte probable des os cpipubiens. 
Le squelette post-cr&nien de Mayulestes est connu par une vingtainc de ver¬ 
tebres completes ou partielles, quelques cotes, et par la plnpart des princi- 
paux os des membres. Une comparaison avec les didelphides actucls, 
Pucadelphys, les autres Borhyaenoidea et plusieurs mammiferes arboricoles 
(ou supposes arboricoles) tels que les sciuridds, les tupaides, les procyonides, 
certains multitubercules, morganucodontes, triconodontes et Henkelo- 
therium rdvele que beaucoup de caracteres du squelette post-cranien de 
Mayulestes indiquent un mode de vie arboricole (queue probablement pre¬ 
hensile ; angle postero-dorsal de la scapula drird postdro-dorsalcment ; acro¬ 
mion projete antdrieurement er distalement : tubercules de l’humerus 
relativement bas ; forme circulaire de la rete de l'humerus ; grande taille dc la 
Crete epiconylienne er projection disto-mediale de l’epicondyle ; profonde 
fosse des flechisseurs sur la face mediale de I’olecrane de fulna ; morphologic 
du McV ; grande mobilite de la hanche arrestee par la foible profondeur de 
I’acetabilium et Ie developpement des trochanters femoraux ; forme sigmoi'dc 
du tibia et morphologic de son articulation distale ; forme et orienration de 
la facette ectale du calcandum ; grande taille du processus pcroneen et tuber 
calcanei comprime transversalement). Plusieurs autres caracteres (taille de 
l’epine neuralc et des apophyses transvetses des vertebres lombaires ; mor¬ 
phologic des zygapophyscs dcs dernieres vertebres dorsales et des lombaires ; 
olecrane de l’ulna, long er recourbe antdrieurement ; eversion de I’aile de 
l’ilium ; profondeur relative de la trochlee fdmorale ; epiphyse distale du tibia 
aplatie antdro-postdrieurement et grande longueur du tuber calcanei) indi¬ 
quent que Mayulestes dtail un animal relativement agile, capable d’adopter 
une demarche rapide et de bondtr. Mayulestes est inrerprete comme un pre- 
dateur partiellement arboricole capable de bonds et dc course rapide tnais dc 
courte duree. Mayulestes dtait certainemenr asset agile et a pu avoir une niche 
dcologique voisine de celle des martres et des belettes actuelles. Plusieurs 
caracteres arboricoles de Mayulestes sont aussi presents chez Pucadelphys, un 
marsupial didelphidd provenant du meme gisement. En consdquence, certe 
forme est egalcment interprdtde comme ctant paniellement arboricole, bicn 
qu’a un degre moins pousse que chez Mayulestes. Le fait que les deux sque- 
lettes les plus anciens de marsupiaux americains possedent des caracteres lids 
a I’arboricolie renforce l hypothese selon laquelle ce mode de vie est proba- 
bleinent une sympldsiomorphie chez les marsupiaux. 
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INTRODUCTION 

Borhyaenoids are highly carnivorous South 
American marsupials which are known from die 
early Palaeocene to the late Pliocene. The remains 
are generally isolated teeth and jaws hut, 
although uncommon, .some complete or partial 
skeletons are known. The major collection is that 
described by Sinclair (1906) which consists of 
several partial skulls and skeletons obtained from 
the Santa Cim beds (middle Miocene) of Pata¬ 
gonia. The specimens are placed in four taxa: 
Borbyama tuherata , Pro thy lit cyans patagonicns . 
Cladosictis patagonicns , and Sipalocyon gracilis. 
Several other skulls ol Prothylacynus and 
Cladosictis from the Santa Cm?, beds are known 
and have been figured (although not described) 
by Marshall (1979a, 1981). In Columbia, the 
“Monkey unit" (late Miocene) of the Honda 
Group from the upper Magdalena Basin has yiel¬ 
ded a complete skeleton ol Ly cops is longirostris 
(Marshall 1977a). Jn Catamarca Province 
(Departamento de Belen), the Monthermosean 
beds of the Corral Quemado Formation have 
produced two partial skeletons of Thy la cost/) ilus 
atrox (Riggs 1934). No skeletons are known from 
the Palaeogene and the only skulls are those from 
the Deseadan (late Oligocelie-early Miocene) 
beds of Salla-Luribay (Bolivia) referred to 
Sallacyon huffs let ten and Paralwrhyaetia boliviano. 
(Pettei & Holfstetter 1983 ) and an urtdeicribed 
basicranium referred to Notogale under study by 
the author. Borhyaenoids from the Early Tertiary 
are rare and no complete skulls and/or partial 
skeletons have been found in the Palaeogene. 
This state of things drastically enhances the 
importance of the discovery of a partial skeleton 
of borhyaenoid (Mayulestes feros) from the early 
Palaeocene of the Santa Lucia Formation at 
Tiupampa (Muizon 1994), which is one ol the 
two oldest known borhyaenoids and probably 
one of the most complete specimens known in 
the whole superfamily. The other oldest borhyae¬ 
noid is Allqokirus australis from the. same locality 
and age as Mayulestes, but known by a few teeth 
only. There are more than 40 Ma between 
Mayulestes ferox and the-Santa Cruz borhyaenoids 
skeletons, mote than between the Santacru/.ian 
and the last borhyaenoids (approx. 15 Ma). 


In a more general context, skull and skeletons of 
fossil marsupials in the Earlv Tertiary are extre¬ 
mely rare and the only other marsupial skeleton 
known ftotn the Palaeocene is that of 
Pucadelphys andinus from the same locality 
(Marshall & Muizon 1995; Marshall & 
Sigogneau-Russell 1995). Asiatherium reshetovi 
from the Late Cretaceous of Mongolia 
(Trofimov N. Szalay 1994; S/.alay & Trofimov 
1996) is the only Mesozoic metatherian known 
by a fairly complete skeleton. This form is regar¬ 
ded here as a true metatherian, although its very 
specialised teeth may lead some authors to ques¬ 
tion its membership in Metatheria. These facts, 
therefore, raise the importance of Mayulestes at 
the level of Metatheria and. considering the scar¬ 
city of early Palaeocene and Late Cretaceous 
mammals, the discovery of the skeleton of 
Mayulestes ferax represents a major event in the 
knowledge of early mammals. 

The description and interpretation of the skull 
and the postcranial skeleton of Mayulestes ferox 
are presented below. As is generally the case, it is 
rhe skull that provides most of the information 
on the phytogeny of borhyaenoids and marsu¬ 
pials while the postcranial skeleton is more infor¬ 
mative on the locomotion and habitat of 
Mayulestes , aLthough the latter also bears some 
interesting data on mammal evolution. 
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SYSTEMATIC PALEONTOLOGY 

Legion TR1BOSPHENIDA McKenna, 1975 
Infraclass METATRERIA Huxley, 1880 
Suborder DIDELPHIMORPH1A (Gill, 1872) 
Infraorder SPARASSODONTA 
Ameghino, 1894 

Superfamily BORHYAKNOlDEA Ameghino, 1894 

Diagnosis, — Carnivorous marsupials with a middle 
ear epirympanic sinus located anterolateral to the pro- 
montorium and formed by the alisphenuid anteriorly 
(and sometimes ventrally), the petrosal posteriorly, 
and the squamosal laterally. The Rorhyaenoidca are 
the only known nietatheiians where the squamosal 
participates in the composition of the alispliermid 
sinus and this feature represents the key synaponior- 
phv of the Borhyaenoidea- furthermore, the stipcrfa- 
mily is also diagnosed by the reduction arid the loss of 
the anterolateral process of the maxilla which form 
the lateral wall of the fossa for the lower canine on the 
skull, the loss of the prootic canal (a character state 
found in some other lineages of marsupials), and, pos¬ 
sibly, the loss of the epipubic bones (only probable in 
four genera, Mayulestes. Clndoswth , Prothylacymis and 
Lycopsis, a feature unknown in other taxa). 

Nota. — Bnrhyaenoids also present the hypercarni- 
vorotts dental I'unctional complex related to the post- 
vnllum-prevallid shear (reduction and loss of met.t- 
conid and entoconid. increase in size of paraconid, 
reduction oftalonid, reduction of protocone, parato- 
nt and styl.tr shelf, increase m size of maaeunc and 
metascylar crest). However, as shown by Archer 
(1982), fox (1995) and Muizon & Lange-Badre 
(1997), this functional complex is a highly homoplas¬ 
tic feature which appears independently in several 
group of mammals and within these groups. 
Therefore, if it is true that (his synapomochhy dia¬ 
gnoses the Borliyacnoidea, it has a low phylogenetic 
value and cerramly cannot represent a key synapo- 
morphy of the Borhyaenoidea. 


Family MayULESTIDAF. Muizon, 1994 

DIAGNOSIS. — Borhyaenoidea diagnosed by an 
important reduction of rhe entoconid and the resul¬ 
ting lingual opening of the ralonid basin, 

TYPE GENUS. — Mayulestes Muizon, 1994. 

Included GtNERA. — Mayulestes Muizon, 1994; 
Allqokirus Marshall et Muizon, 1988. 


Genus Mayulestes Muizon, 1994 

Type SPECIES. — Mayulestes ferox Muizon, 1 994. 

DIAGNOSIS. — The same as the only species referred 
to Mayulestes. 

Mayulestes ferox Muizon, 1994 

Diagnosis. — Mayulestes ferox differs from Allqokirus 
australis in the smaller L/W ratio ol its upper molars, 
in the greater depth of the ectnflexus, in the larger sty- 
lar cusp D with a low lingual cresr which runs 
towards the lingual extremity of the metacrisra, in the 
mecacrista which does nor overhang rhe base of the 
crown posteriorly, in the straight posterior edge of the 
upper molars, in the more robust and lunger proto- 
cone, and in its narrower and more slender lower 
molars. 

NoTA. — Since the only other species of the family 
(A/le/okirus australis) is known by upper and lower 
molars only, the diagnosis ol Mayulestes ferox refers to 
molar morphology only. 

HoLOTYPK. — MHNC 1249, a partial skeleton with: 
almost complete skull; right hentimandible lacking 
the vertical ramus. p2 and p,3; left hcmimandible lac¬ 
king the vertical ramus, portion of the horizontal 
ramus anterior to rhe posterior root of p2, and the tri - 
gonid of m3; atlas lacking the ventral arch; axis; cen¬ 
trum ol the ?cliird cervical vertebra; Tilth cervical 
vertebra lacking the neural arch; centra of rwn ante¬ 
rior thoracic verrebr.te; one complete anterior rhoracic 
vertebra;- rwo last thoracic vertebrae; five first lumbar 
vertebrae with L4 lacking most of the neural arch; 
two anterior caudal vertebrae; two posterior caudal 
vertebrae: two anteriot ribs; two median ribs; right 
scapula, almost complete; both humeri; complete left 
ulna; proximal extremity of the riglir ulna; lelt radius; 
right unciform; left MelII and V; left innominate lac¬ 
king the Jfltctovcntra! part of the pubis; part of the 
right innominate- (acetabulum and posterior portion 
of the ilium); left femur lacking part ol the diaphysis 
and rhe medial distal condyle; right femur lacking 
part of the greater trochanter and part nf the diaphy- 
sis; right tibia; distal extremity of the right fibula; 
right calcuneum; distal extremity of the left ealca- 
neum; lelt Mrill and fV. 

Hyi-ODIGM. —Type specimen only. 

LOCALITY, HORIZON AND AGE. — I he specimen was 
collected on the site 1 ("the quarry"), at the locality of 
Tiupampa, situated about 95 Ism southeast of 
Cochabamba (Mizque Province, Department of 
Cochabamba, Bolivia). Site I (see Cayet et at. 1992; 
Muizon & Marshall 1992; Marshall et al. 1995 for 
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locality map) a't Tiupampa has yielded an abundant 
vertebrate fauna of rhe Santa Lucfi Formation. 

The vertebrate fauna includes; Osceichthyes (Dipnoi, 
Telesotei), Amphibia (Anura, Gymnophiona), 
Reptilia [Chelonia, Sauamata (Lacertilia and 
Ophidia), Crocodilia], and Mammalia. 

An updated list of the mammal fauna is given below. 
Suprafamilial classification of marsupials follows 
Szalay (199d) and Sparassodonta are regarded as an 
infraorder of the suborder Didelphimorphia, follo¬ 
wing Muizon et ill. (1997). The other Didelphi- 
morphia are included in rite new inlraordct 
Didelphodonta: 

Class MAMMALIA 

Infra-class METATHF.RIA 
Order DIDELPHIDA 
Suborder ARCH IM ETATHERIA 
Family PEKADECTIDAE 
Peradectes cf austrinmn 
Suborder SUDAMERIDELPHIA 
Family CAROLOAMECHINUDAE 
Robertbofjstetteria tuttionalgcographica 
Suborder DIDELPHIMORPHIA 
Infractder DIDELPHODONTA new 
Family PUCADFXRHYDAE new 
Pucadelphys andinus 
? Andinodelphys cochabambensis 
Family ? DtDEU'HlDAE 
Incadelpbys antiquus 
Mmmeddphys pilpinetisis 
Tiufordiajloresi 
Family jASKHADtl FEfYDAE 
Jaskhadelpbys minutus 
Infraorder SPARASSODONTA 
Family MAnJLE.STlD.AE 
Mayu/estes ferny 
Allqakims australis 
Order GONDWANADELPH1A 
Suborder MICROBIOTHERIA 
Family MlCROltlOT! ieriidae 
Khasia cordillierensis 

Infra-class EUTHER1A 
Order LEPTTCTIDA 

Family PA! AKORYCTIDAE ? 

Cf. Ciniolestes sp. 

Family indet. 

Gen, and sp. indet. 

Order PANTO DO NTA 
Family AlXint DORR1GNYIDAE 
Alciaedurhmiyd j»opinata 
Order CONDTLARTHRA 
Family MlOfJAF.NTD.AE 
MoPi nodus suarezi 
TiucLwnus minutus 
Tiuclaeuus n.sp. 1 
Tiuclaemts n.sp. 2 
Pucanodus gagnien 


Family Mioclaf.nidae or Didolodontidae 
Mioclaenidae or Didolodontidae n.g., n.sp. 

And!nodus boliviensis 
Family ? Pr.lUPTYCHlDAE 
aff. ? Minunuta 

Order CONDYLARTHRA incertae sedis 
Family Koi.LPANIIDAE 
Kollpania tiupampina 
Order NOTOUNGUL.ATA 
Family Henricosbornudae or 
OlDFIEt IhOMAMIDAE 

The 3ge of the fauna is now commonly accepted to be 
Palaeocenc (Gayer et al. 1992; Muizon 1992; 
Muizon & 1. Brito 1993; Marshall et al. 1995) 
contrary to the Late Cretaceous age initially assigned 
to the Tiupampa mammals (Marshall et al. 1983; 
Muizon et al. 1983; Marshall et al. 1985; Marshall & 
Muizon 1988). 

The position of the Tiupampa (site 1) mammal launa 
within the Palaeocenc has been discussed by Van 
Valett (1988), Muizon & I, Brito (1993), Bonaparte 
et al. (1993). and Marshall et al. (1995) and assigned 
an early Palaeocene age. According ro these authors, 
the Ttupainpian (early Palaeocenc) local mammal 
fauna (type locality: site I at Tiupampa) is older than 
the Peligran local mammal fauna (type locality: Punta 
Peligro, Patagonia, Argentina) (Muizon & 1. Brito 
1993; Bonaparte et al. 1993: 36, 37; Bonaparte & 
Morales 1997). The relative age of the faunas is based 
on the comparison of the evolutionary stage- of the 
condylarths they have yielded. Although this approach 
is certainly questionable, it is obvious that the 
three condylarths of the Punta Peligro fauna are more 
derived than the relatively generalised forms of 
Tiupampa (six genera). Furthermore, a new ungulate 
from Punta Peligro (Bonaparte &c Morales 1997) 
shows a cjeaflv prelophodont morphology which 
recalls, although more primitive, Notonychops from 
the Rio Loro Formation of northern Argentina (Soria 
1989). The Punra Peligro fauna has been found in the 
Banco Negro Inferior -and its age is early Palaeocene. 
k probably spans from 63.2 to 61.8 Ma. as stated by 
Pascual &C Ottiz-Jaureguizar (1992: 564), who provid¬ 
ed a review- ot die age of the Banco Ntgio Inferior. 
The Tiupampa local fauna is here regarded as older 
than the Punta Peligro fauna and, therefore, if the 
date of the base of rhe Banco Negro inferior is cor¬ 
rect, the Tiupampa fauna is older than 63.2 Ma. 
Therefore, according to Haq & Van F.ysinga (1994), 
it wotdd be pre-Torrejonian in age and contempora¬ 
neous with the Pucrcan. The Punta Peligro fauna is 
probably contemporaneous with the Torrejonian of 
North America, I therefore agree with the gross equi¬ 
valence, proposed by Bonaparte et at. (1993), of the 
Tiupampian with the Puercan and the Peligran with 
the rorrejonian. 

Recently, Marshall et al. (1997) and Sempere et al. 
(1997) have correlated the Tiupampa beds to the 
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magnetic anomaly cliron 26r which would correlate 
the Tiupampian land mammal age with the early 
Tiffanian North American land mammal age (i.e, 
early late Palaeocene). However, i he pantodonts and 
condylatths (groups ih.it can be compared in both 
subcontinents) of the Tiffanian faunas of 
North America are milch mote derived and mote 
diverse than those of Tiupampa and clearly seem to 
represent a younger fauna. Furthermore, since the 
entire series of the Santa Lucia Formation at 
Tiupampa corresponds to a (possible?) single reversed 
cliron, the correlation of the Tiupampa beds with the 
other Maasuichtian-Palaeocene series nf Bolivia (La 
Palca, see Marshall el til. 1997) has been based on 
lithological facies and sedimentological sequences. 
Marshall et ai (1997) include the mammal hearing 
beds ai Tiupampa in the middle sequence of the 
Santa Lucia Formation, which they have correlated 
with the last sequence of the underlying FI Mollno 
Formation to the chron 26r. However, the authors 
have not presented the sedimentological arguments 
which allow the suggested correlation and the sedi- 
mentology and depositions! environment at 
Tiupampa ate neither described nor discussed. 
Furthermore, some basic considerations seriously wea¬ 
ken the correlation proposed by Marshall tfell, (1997) 
and Scmpere ftai (1997): (1) the Tiupampa series is 
located on the edge of the El Molino-Santa lajci'a 
Basin and therefore the sedimentation may he atypical 
and may have very local characteristics', this observa¬ 
tion obviously makes correlations based on sedimen- 
mlogical data very hazardous; (2) die Tiupampa beds 
were deposiled on an alluvial plain, an enviromnenr 
which is generally characterized by an irregular rate of 
sedimentation; (3) several paleosuls with rout casts 
have been mentioned at T iupampa (Muizon ei ai 
1983) which could correspond to important interrup¬ 
tions in the sedimentation. For example, the single 
reversed interval of Tiupampa could very well corres¬ 
pond to chron 27r and 26r with lack of sedimenta¬ 
tion, or erosion of sediments corresponding to 
chron 27n. Since no radiometric dales are available, 
so far, at Tiupampa, this difficulty cannot be resolved; 
(4) although considerably improved during the last 
fifteen years, the knowledge of the Lare Cretaceous 
and Palaeocene of Bolivia is still very incomplete, a 
statement to which mast be added general considera¬ 
tions concerning the variability of the rates of sedi¬ 
mentation and the great difficulty in determining the 
importance t«f sedimenurion gaps. 

Furihermorei at Vila Vila, at about 5 km east of 
Tiupampa, in the same outcrop, a Maustricbtian fish 
fauna (Gayci ei ai 1992: 400) indicates the presence 
of Maasttichnan beds of rhe El Molino Formation 
(probably belonging to rhe lower sequence of the for¬ 
mation). Those beds have a facies or mainly thick red 
sandstones corresponding to a more dettira! sedimen¬ 
tation, uncommon for the El Molino Formation and 
probably indicative of the local border of the basin, 


which could explain the atypical facies found at Vila 
Vila and Tiupampa. 

In spite of Marshall ft al, (I997)'s claim of having the 
only acceptable approach to the relative chronology, 
the correlation rhc-y suggested of the Tiupampa beds 
to the early Ilffanian is still weakened by numerous 
unknowns and approximations. Their age assignment 
is cerrainlv not convincing (as far as the mammal 
fauna is concerned) and, in spite of the appearances of 
a rigorous quantitative analysis, it is not mote objecti¬ 
ve than a hninistic approach, which, as mentioned 
above, presents the uncertainties that everybody 
knows. Marshall el al. (1997) may be correct 
(although it would be extremely surprising) in assign¬ 
ing a Tiffanian age to the Tiupampa beds, however 
they failed to demonstrate it. 

Therefore, on the basis of fan rustic comparisons, the 
age correlation of the riupamnn mammal fauna to 
the 1‘uetcan is still accepted here, following Van 
Valcn (1988), Bonaparte et al. (1993), Muizon & 
I. Brito (1993), Marshall et al. (1995) and 
Bonaparte & Morales (1997). 


DESCRIPTION 

Serial designation for teeth follows Luckett 
(1993) contra Archer (1978), Hershkovitz 
(1982), Marshall & Muizon (1988) and Muizon 
(1992), i.e. premolars ate PI, P2, P3; deciduous 
tooth is dP3; permanent molars arc Ml, M2. 
M3, M4; terminology for molar structure fol¬ 
lows Marshall & Muizon (1995); Usage ol 
Metatheria follows Szalay (1994) and S/alay & 
Trofimov (1996); usage of Theria follows Kielan- 
Jaworowska et al. (1987), and Tribosphenida fol¬ 
lows McKenna (1975); suprageneric ranks of 
Metatheria follow Marshall et al. (1990). All 
measurements are in millimetres (mm). 
Abbreviations of teeth are as follows: c, lower 
canine; C, upper canine; i. lower incisor; I, 
upper incisor; nt, lower molar; M, upper molar; 
p, lower premolar; P, upper prcmolar. 

Anaromical elements are described in the follo¬ 
wing order: upper dentition, lower dentirion, 
skull, dentary, vertebrae, forelimb and hindlimb.. 
When necessary to the understanding of the 
text, the description will include some compari¬ 
sons, mainly with the other borhyaenoids and/or 
with didelphids. In the following description of 
the dentition of Mayulestes ferox, comparisons 
will be made essentially with two borhyaenoids 
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(Allqokirus australis from the same locality and 
Patent shrtpsoni from the early late Palaeocene of 
Brazil) and with Dcltatheridium praetritubercu- 
lare, a tribusphenidan from the Late Cretaceous 
of Mongolia. 

Skull 

The dental formula of Mayulestes ferox is the 
complete primitive marsupial formula: I5/i4; 
C/c; P3/p3; M4/m4 (Owen 1868, hut see also 
Luckett 1993), 

Upper dentition 

Upper incisors. (Fig. 1) The number of upper 
incisors is not reduced to four as in other 
borhyaenoids. 1 lowever. it is noteworthy that the 
number of incisors is unknown in Allqokirus, 
Patent and Nemolcstes, three other Palaeocene 
borhyaenoids. The incisor tooth row is parabolic 
and ditlers horn the straight (or slightly concave 
posteriorly) row observed in Miocene borhyae¬ 
noids (Claelosictis, Sipalovyon , Prothylacynus, 
Aero cyan) . hi the boiotype of Mayulestes, the left 
II is not preserved and the clowns of the left 12 
and right 13 are broken. 11 is the largest incisor. 
In diameter of the crown ll > 12 < 13 > 14 > 15. 
The crown off] is conical, slightly recurved pos¬ 
teriorly and approximately twice as high as wide 
at the base. The apes of the crown of 12 is bro¬ 
ken; this tooth is the second smallest upper inci¬ 
sor in diameter, The section of the crown is 
subcircular, slightly flattened labiolingually. The 


anterior base of the crown is protruding ante¬ 
riorly. The 13 has a much lower crown than the 
li; it is triangular in labial view and clearly flat¬ 
tened labiolingually. The crown of 13 is protru¬ 
ding anteriorly and posteriorly slightly below the 
junction with the root. The mcsiodisral diameter 
of the crown is only slightly smaller than its 
heiglu. The 14 has a much smaller crown than 
the 13. It is triangular in labial view. Its maxi¬ 
mum mcsiodisral diameter is also located below 
the crown-root contact but, contrary to 13. it is 
slightly larger than the height of the crown. The 
15 is the smallest of the upper incisors. The 
cmwh is conical and not constricted at the 
contact with the root. The labial edges of the 
alveoli of 11-4’ are at the same level while that of 
15 is situated a little more dorsally at the anterior 
edge of a large ptemaxillomaxillary fossa for the 
tip ol the lower Canine. There is no true dias¬ 
tema, although 11-4 are not as close to each 
other as' 14 and 15. A distinct diastema separates 
15 from C. 

Upper canine. (Fig. I) The tooth is large, poin¬ 
ted and slender. It is complete on the right side 
only where it has been partially expelled from its 
alveolus during fossilization The right C there¬ 
fore appears to be longer than it probably was on 
the living animal. The crown is less than half of 
the length of (he observable portion of the tooth. 
It hears an important anterior wear facet for the 
lower canine, which continues dorsally on the 
root. In cross section, the tooth is ovoid, being 



Fig. 1. — Mayulestes ferox, holotype (MHNC 1249). Anterior part of the palate with incisors canines and anterior premolars. Scale 
bar: 1 cm. 
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longer than wide (1: 4.9 mm; w; 1.9 mm). The 
tooth is recurved posteriorly but to a lesser 
extent than in Pucadelphys , as the tip of the 
crown is anterior to the level of the posterior 
edge of the alveolus. It approaches the condition 
observed in Sipalocyoiu although it is approxima¬ 
tely 40% smaller. 

Upper prcmolars. (Fig. 2) The three upper pre¬ 
molars of Mayulestes arc double-rooted. The size 
of the teeth increases from Pi to P3, PI is consi¬ 
derably smaller than the other premolars. The 
difference in size between PI and P2 is more 
important rhan in other borhyaenoids and 
Pucadelphys blit approaches the condition obser¬ 
ved in Deltatlieridium, PI has a tiny single- 
cusped asymmetrical crown. In labial view, its 
posterior edge is strongly oblique (in relation to 
the alveolar border) and rectilinear while the 
anterior edge is subvertical and convex anterior¬ 
ly. At the base of the postcrolabial edge of the 
crown is a minute cuspule. Pi is set .slightly obli¬ 
quely in the maxilla, as observed in Pucadelphys 
(Marshall & Muizon 1995) and Audinndelpbys 
(Mtiizon et al, 1997). However, the obliquity of 
the left PI has probably been increased by the 
deformation due to fossilizaiion. The crown of 
the P2 is triangular and longer chan high in 
labial view. In occlusal view, it is flattened tr.ms- 
versally. It presents a small cuspule at its anterior 
base and a conspicuous cusp at its posterior base. 
The apex of I he crown lies Venrtally below the 
posterior edge oi the anterior root. The Cristae 
running from the apex to the basal cusps are 
straight and the posterior is longer rhan the ante¬ 
rior. The P3 is the highest of the cheek-teeth. It 
is a little longer rhan P2 and much higher. The 
difference between the proportions of P2 and P3 
is more important ill Mayulestes than in 
Pucadelphys and the other borhyaenoids but 
resembles the condition observed in Delta- 
theridium. The crown of the P3 is clearly higher 
than long, as in Pucadelphys, Pat cue and 
Sipalocyon. The anterior edge of the crown is a 
smooth crista, convex anteriorly and possessing a 
small heel at its base. The posterior edge is a well 
marked crista, concave posteriorly with a 
well-defined cusp at its base. The apex of the 
crown lies ventrally to the anterior edge of the 
posterior root and, in lateral view the crown is 


slightly recurved posteriorly. On P2 and P3 there 
is a small postcrolabial cingulum which disap¬ 
pears anteriorly. 

Upper molars. (Fig. 2) In the only specimen 
known, the molars are slightly worn but the den¬ 
tal morphology is clearly recognisable, In length, 
M1 < M2 > M3 > M4 and in width M1 < M2 < 
M3 > M4 (Table 1). The molars of Mayulestes 
are relatively shorter anteroposrerinrly than in 
Allqnkirus and Patene. On M l -3 the prorocone is 
relatively large for a borhyaenoid but narrow 
anreroposteriorly and slightly inflated ha.sally, 
especially on its posterior side. In Allqokirus , a 
borhyaenoid from the same locality, the proto- 
cone is even shorter anteroposteriorly anti nor 
inflated basally; the protocone of Mayulestes is 
shorter than in Patene. The protocristae arc 
straight; the preproiocrista is slightly shorter 
than the postprotocrista and, as a consequence, 
the apex of the protocone is located in an ante¬ 
rior position on the cusp. File trigor, is well hasi- 
ned. The conules are small but well marked; they' 
are distinctly V-shaped and well separated from 
the paracone and metacone as observed in 
Allqokirus. Because ol the slight wear of the teeth 
it is not possible to determine with certainty the. 
relative size of the conules. A distinct paracingu- 
lum unites the prcpnraconulc crista to the stylar 
cusp A. In fact, the paracingulum is continuous 
with the preparaconule Crista as in Allqokirus and 
Patene. The para- ahd melacone are well-develo¬ 
ped, well separated and constitute the Central 
cusps of the molars, The metacone is slightly 
compressed transvci sally, this being particularly 
obvious on M3 as in Allqokirus. It is distinctly 
larger in height and volume than the paracone. 
In occlusal view, the paracone is approximately 
30% shorter and narrower than the metacone. 
On the four molars the paracone is more worn 
than the metacone and on M3 the paracone is- 
rclatively worn while the metacone is almost 
unworn. In spite of this, the difference in height 
of the two cusps is so important that it is clear 
that the paracone was lower than the metacone. 
The centrocrista is straight in occlusal view. In 
labial view, the centrocrista is deeply V-shaped 
and presents a notch at the junction point of the 
preinetacrista and postparacrista. From this 
point, the highest of the centrocrista, a deep 
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groove runs labially dividing the srylar shelf 
transversally hut not reaching the labial cingu¬ 
lum. The same condition is observed in 
Allqokirns and, to a lesser extent, in Patene. The 
preparacrista links the paracone to the stylar 
cusp B. It is transverse, almost perpendicular to 
the centrocrista. On Ml-2, it is slightly concave 
posteriorly. On M3-4, it is slightly worn but it 
seems that it was almost straight. Tt is distinctly 
concave vcntrally in anterior view. Its length 
increases from Ml to M4 where it is almost 
three times longer than on Ml. The postmeta- 
crista is well-developed and relatively long but 
fairly low. It is approximately twice as long as the 
preparacrista on Ml-3. It is almost straight in 
occlusal view and slightly concave in posterior 
view. On Ml, it fotms an angle of approximately 
45° with the anteroposterior axis of the skull: 
this angle increases on M2 and it reaches almost 
80° on M3. Posterior to the preparacrista and 
anterior to the postmetacrista, the stylar shelf 
bears two elongated fossae directed posterolabial- 
ly and anterolabially, respectively. Similar struc¬ 
tures are observed in Allqokirus and Patene. The 
stylar shelf is similar to that of Allqokirus but it is 


larger and deeper than in Patene. It differs lrom 
the condition in other borhyaenoids, where the 
srylar shelf is either very reduced or, generally, 
totally absent, its width increases from Ml to 
M3. The stylar cusps are relatively well-develo¬ 
ped with the exception of stylar cusp C, which is 
absent. Stylat cusp A is medium-sized on Ml-2 
and distinctly lower than stylat cusp B. The two 
cusps are connate bur easily discernible. On M3, 
stylat cusps A and B have the same height and 
are connate but not totally fused. On M4 they 
are fused. The stylar cusps A and B of Patene are 
smaller than in Mayulestes hut their relative size 
and relationship are similar. The stylar cusps A 
and B of the M3 of Allqoktrus (the only molar 
known) are similar to those of Mayulestes. As 
mentioned above there is no stylar cusp C in 
Mayulestes as in Allqokirus and Patene . In these 
three genera, there is a distinct labial cingulum 
in the stylar cusp C position. The stylar cusp D 
is well-developed in Mayulestes , contrary to 
Allqokirus where it is very small and Patene 
where it is absent. In Mayulestes , a small crista 
runs lingually from the cusp within the basin of 
the stylar shell, but does not reach the postmeta- 



Fig. 2. — Mayulestes ferox, holotype (MHNC 1249). Left upper molars and premolars: A, occlusal: B. labial views. Scale bar; 5 mm. 
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crista or the metacone. This crista is absent in 
Allqokirus and Patene The stylar cusp E is small 
as in most marsupials and in fact constitutes the 
labial extremity of the postmetacrista. On Ml-3 
the ectoflexus is very deep and its depth increases 
from M1 to M3. It is deeper than in Allqokirus 
and much deeper than in Patene and Sctllacyon. 
An ectoflcxus is absent or extremely reduced in 
the other borhyaenoids. 

The M4 is very .short anteroposteriorly (much 
shorter than in Patene ) but still retains a meta¬ 
cone as in Patene and Sallacyon (it is tiny in this 
genus), contrary to the other borhyaenoids. The 
trigon is still well basined and the stylar shelf is 
reduced but present. The stylar cusps A and B 
are totally fused in a very large “parastyle”; there 
is just a hint of stylar cusp D and the stylar 
cusp E has totally disappeared. 

Lower dentition 

Lower incisors, (Fig. 3) In the description of the 
lower incisors of Mayulcstes the medial incisot 
will be regarded as the i2 and the lateral as the i5 
following Hershkovitz (1982), The four incisors 
are preserved on the right dentary only. Their 
relative volume in occlusal view is ns follows: 
i2 < i3 > i4 > i5. The incisors have a single cus- 
ped crown. The i2 is .slightly compressed mesio- 
distally and i3-5 are compressed labiolingually, 
i4 and i5 being clearly spatulatc. The incisor row 
is a regular arch but the root of i3 is staggered 
and buttressed labially as observed in most didel- 
phids, several borhyaenoids ( Borhyaena , 
Sidplocyon , Cladosictis, TbyLicimis ), some dnsyu- 
rids and peramclids (Hershkovitz 1982). A stag¬ 
gered i3 is also present in Pucttdclphys and 
Andinodelpliys (Muizon eral. 19973- 
Lower canine. (Fig. 3) The lower canine is large 
although conspicuously .smaller and .shorter than 
the upper canine. It is longer than wide and 
compressed transversally (this is particularly clear 
on the root). The large axis of the tooth is set at 
an oblique angle in relation to the cheek tooth 
series. It is gently recurved posteriorly and its 
posterior edge bears a distinct wear surface front 
the upper canine. 

Lower premolars. (Fig. 3) The pi is only pre¬ 
served on the right hemimandible; the posterior 
heel of the p2 and complete p3 are preserved on 


the left hemimandible. The three premolars are 
double rooted, The pi is very small, single cus- 
ped and triangular. It is set slightly obliquely in 
the dentary, as in the Borhyaenidae (although 
this feature is much more emphasised in the 
representatives of this family). In labial view the 
posterodotsal edge of the crown is three times 
longer than the anterodotsal. Therefore, the 
tooth is strongly asymmetrical and its apex is dis¬ 
placed anteriorly and Occurs above the middle of 
the anterior root. The anterior edge of the crown 
overhangs the anterior border of the anterior 
root. The p2 is known by its posterior heel only, 
which is similar in size with that of p3- The p3 
has a high crown. It is liighet than long, as in 
Patene and Sipalocyon but contrary to Cladosictis. 
As in Patene , the apex of the tooth is located 
above the anterior root, contrary to Cladosictis 
and Sipalocyon where it is located above the 
middle of the tooth The anterior edge of the 
main cusp is convex arid the posterior edge 
concave; the former is approximately 40% shor¬ 
ter than the latter. Because of the shape of its 
edges, the main cusp of the tooth is slightly 
recurved posteriorly. In occlusal view, the labial 
side ot the main cusp is strongly' convex while 
the lingual side is relatively flat. The anrerior 
edge of the tooth has no basal cusp but the ante¬ 
rior base of the crown protrudes anteriorly and is 
elevated. The concave area below the protruding 
base of the crown receives the posterior heel of 
the p2. Such a condition is also observed in 
Patene and in most didelphids. It is absent in 
other borhyaenoids where the check tooth row is 
less compressed anteroposteriorly. There is no 
diastema between the canine and pi and bet¬ 
ween the premolars. 

Lower molars. (Figs 3, 4) In length and height 
ml < m2 < m3 < m4 and in widih of the trigo¬ 
nal ml < m2 < m3 > m4. However, the increase 
in size is moderate, contrary to the condition in 
most other borhyaenoids. The lower molar 
structure is similar to diat of Allqokirus but the 
tooth proportions are more slender and the m3 
of Mayulcstes (the only lower molar known in 
Allqokirus is an m3) is smaller and narrower than 
that of Allqokirus. Besides the size, the main dif¬ 
ference between anterior and posterior molars is 
the shape of the trigonid in occlusal view, which 
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becomes wider and less opened lingually from 
ml to m4, On the four molars the trigonid is 
much higher and wider than the talonid. The 
protoconid is very Jarge and is much higher than 
the other cusps of the trigonid. It has a triangu¬ 
lar section and is swollen labially while the lin¬ 
gual side is flat. This morphology is commonly 


observed among borhyaenoids but is better mar¬ 
ked in Mayulestes , Allqokirus , Patent and 
Nemolestes than in the other borhyaenoids. The 
paraconid is similar in proportion to that of 
Patent, but is smaller than in most other 
borhyaenoids. It has a triangular section in 
occlusal view. On the anterolingual edge of the 



Fig. 3. — Mayulestes ferox, holotype (MHNC 1249). Right hemimandible: A, labial; B, occlusal; C, lingual views. Left hemimandible: 
D, lingual; E, occlusal views. Scale bar: 1 cm. 
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paraconid is a large, salient pteparacristid, 
apprcssed against die lingual side of the hypoco- 
nulid of rhe preceding tooth. In fact the larter 
interlocks with the anterior edge of the following 



Fig. 4. — Mayulesles lerox, holotype (MHNC 1249). Right lower 
molars: A, labial: B, lingual; C, occlusal views. Scale bar 5 mm. 


tooth. The anterolingual side of die paraconid is 
concave and receives die preceding hypoconulid 
which is limited lingually by the paracristid and 
labially by the lingual edge of the precingulid. 
This feature is likely to be plesioniorphic since ir 
is observed in all the other horhvaenolds 
(alrhough somehow altered in forms with very 
robust dentitions), in didclphids, in several 
Cretaceous Theria ( Kieluntberium , Asioryctes, 
Prokennalestes , Kokopellim Eodelphis , Dtdel- 
phodon, Alphadon , Glmbius) and in rhe eupanto- 
there Perumus. 

When unworn (i.e. on m4), rhe paraconid and 
the metaconid are subequal in height. The mera- 
conid is slightly less robust and shorrer in lingual 
view than the paraconid. It has a subcircular sec¬ 
tion in occlusal view and is relatively large for a 
borhyacnoid. It resembles in size rhose of 
Allqokirus and Palenc (although, in the latter 
genus, it is sometimes slighrly smaller than rhe 
paraconid), but ir is larger than in all rhe other 
borhyaenoids which still retain a metaconid 
( Nemo/rstes, Pbarsophorus , Plesiofelis). In these 
genera the metaconid is always much smaller 
than the paraconid. The paracristid and proto- 
cristid are sharp and show a conspicuous carnas- 
sial notch at the limit of the cusps (respectively 
paraconid and protoconid; prmoconid and meta¬ 
conid). The protocristid is almost transverse 
while the paracristid is strongly oblique in re la- 
rion to the tooth row (the obliquity is more pro¬ 
nounced in the anterior than in the posterior 
molars). At the anrerolabial base of the irigonid is 
a strong precingulid which runs from the labial 
angle of rhe paraconid to the base ot the protoco¬ 
nid above the middle of rhe anterior root. 

The talonid is narrower than in Allqokirus , 
Patent', Sipalocyon and Clitdosictis. The basin of 
rhe ralonid is moderately developed and opens 
lingually between (he eiitoconid and the rnetaco- 
nid. T he talonid is characterized by the large size 
of its hypoconid and the gre3t reduction of its 
entoconid. The hypoconid is the largest cusp of 
the talonid. It is much larger than the entoconid 
and more voluminous than the hypoconulid. 
Although it is slightly Worn on the specimen des¬ 
cribed, on ml-3 it was probably as high as the 
hypoconulid and slightly lower on m4. The 
entoconid is very small and much less volumi- 
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Fig. 5. — Mayulestes ferox, holotype (MHNC 1249). Skull: A, dorsal; B, ventral; C, lateral views. Scale bar; 1 cm. 
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nous and lower chan the hypoconid. In this res¬ 
pect, it resembles the condition observed in 
Allqokirus but differs from Patent where the 
entoconid (although less voluminous than the 
hypoconid) is less reduced than in Mayulestes 
and has approximately the same height (some¬ 
times it is higher) a.s the hypoconid, A well- 
developed crLstid obliqua connects rhe anterolin- 
gual angle of the hypoconid to the posierolin- 
gual angle of the protoconid slightly labial to the 
notch of the protocristid. The hypoconulid is 
moderately large on m 1 -2 where ir is only slight¬ 
ly higher rhan the entoconid. On in3-4 it is 
voluminous and high. On the four molars it Is 
very salient posteriorly, conrrary to the other 
borhyacnoids. It is located in a lingual position 
but not connate to the entoconid. This condi¬ 
tion is probably due ro the great reduction of the 
entoconid, since this feature is very clear on the 
other borhyacnoids. On ml-3 a large postcingu- 
lar shelf extends ventrolabially ftorn the tip of 
the hypoconulid across the postctolabial surface 
of the hypoconid. The postcingulid is very redu¬ 
ced on m4 and does not reach the tip of the 
hypoconulid. 


Bony skull 

General features. (Figs 5, 6) The only skull 
known of Mayulestes is dorsoventrally crushed, 
bur it is probable that it little affected the veniral 
and dorsal views of the skull. The major damage 
to the skull is in the basicranium where the 
basioccipital, the basisphenoid and the alisphe- 
ltoid have heen pushed down into the bra in case 
(the skull has fossilised with the palate facing 
dorsally). The petrosals, the glenoid fossae and 
the occipital condyles have resisted rhe pressure 
better and remained salient. The skull is small 
and relatively short anteroposieriorly when com¬ 
pared to gracile forms such as Cladosietis and 
Sipalocyon. It is not as stout as that in Borhyaena 
and approaches rhe proportions observed in 
Prothylacynus. Although the rostrum seems to he 
shorter rhan in other borhyaenoids. Table I 
(p. 86) shows that the ratio of length of the ros- 
rrum (from the tip of the premaxillae to ihe 
anterior foramen of the infraorbital canal) to 
total length of the skull is higher in Mayulestes 
than in any Santa Cruz borhyacnoids. The ros¬ 
trum of Mayulestes does not have the strong 
postcanine constriction observed in the 


GEODIVERSITAS • 1998 • 20(1) 


33 



Muizon C. de 


Santa Cruz borhyaenoids and, in this respect, it 
clearly resembles the morphology observed in 
didelphids. The temporal fossae are long and 
represent more than half of the skull length. The 
maximum width of the skull is located ar che 
posterior extremity of the temporal fossae, slight¬ 
ly anterior to the glenoid fossae. I he zygomatic 
arches are regularly curved from their anterior 
root to the glenoid cavity, where they form an 
almost right angle before contacting the brain- 
case. This condition is similar to that observed 
in Borhycuma, ChtAusicth and PruthyLlcymti, hut 
differs from rhat in Sipalocyon where the zygo¬ 
matic arch is- regularly convex ftom its anterior 
to its posterior toot and where the maximum 
width of the skull is more anterior. The iuteror- 
bital constriction is weak and has a width close 
to that of the temporal fossa. In all other 
borhyaenoids it is clearly narrower. The brainca- 
se is large and not clearly separated from the 
interorbital bridge. Its lateral edges are almost 
straight, regularly divergent posteriorly and not 
convex as in other borhyaenoid skulls. 

A small but well marked sagittal crest is present. 
It begins on the posterior edge of the frontal*, 
runs posteriorly on che parierals and rises at its 
contact with the lambduid crest. It is low and 
has the same elevation all along the parietal. The 
posterior part of the brainease shows’ a well- 
developed dorsoposteriorly directed lambdoid 
crest. Both the sagittal and lambdoid crests arc 
more redueed than in the other borhyaenoids 
and the lambdoid crest does n6t overhang the 
occipital condyles posteriorly. 

In ventral view, the palate is wide and the dental 
rows arc straight to convex laterally, contrary to 
other borhyaenoid where they'are generally 
concavo-convex, The glenoid fossa is located 
posteriorly, lateral to the anterior extremity of 
the promontorium of the pars petrosa anti to the 
foramen Ovale. The latter is located at the poSteto- 
ventral angle ol the alisphenoid. Its anterior bor¬ 
der is formed by the alisphenoid and its posterior 
edge is formed by the petrosal. 

Nasal, (bigs 5A, 6A) The bones extend anterior¬ 
ly beyond the antcriormost point of the nasal- 
premaxilla suture, The anterior halves of the 
nasals are elongate and narrow. They become 
progressively narrower posteriorly and are narro¬ 


west at the level of a transverse line joining the 
anterior foramina ol the infraorbital canal. 
Posterior to this line, they strongly and rapidly 
widen and reach their largest width at the triple 
junction with the frontal and the lacrimal where 
they form a small posterolaterally directed horn. 
The frontal-nasal suture is matkedly W-shaped, 
with the base of the W facing posteriorly. The 
nasals of Mayulcues ferox have a clear contact 
with the lacrimal, a plesiomorphic featute obser¬ 
ved in all other borhyaenoids. 

Premaxilla. (Figs 5, 6) T he anterior edge (the 
alveolar border) of the prcmaxillae is gently 
arched when viewed dorxally or ventrally and the 
bones protrude anteriorly contrary to what is 
observed in other borhyaenoids, where the ante¬ 
rior edge of the prentaxillae is almost straight 
and transversal. As a consequence, the incisor 
tooth row, in veurr.il view,, is a wide open para¬ 
bola while ir is generally straight in other 
borhyaenoids. The ascending process of the pre¬ 
maxilla is long and slender and inserts between 
the nasal and the maxilla postctodorsally. The 
length of the premaxilla-nasal suture is approxi¬ 
mately 25% of the total length of the nasal. The 
width of the ascending process is roughly 
constant from its anrerovemral extremity ro the 
anterior point of the nasnl-prcmaxilla suture. 
This part of the process, approximately half of it, 
forms the lateral edge of the external narcs. The 
posterior half of the process articulating with the 
nasal is very sharp and progressively tapers poste¬ 
riorly. 

At the anterior point of the nasal-ptcmaxilla 
suture the anterodorsal border of the ascending 
process shows a distinct anterodorsal protrusion 
which corresponds to the point of junction bet¬ 
ween the plane of the external nares and the dor¬ 
sal surface of the rostrum. The two planes form 
an angle of approximately 140". Laterally, the 
maxilla-preniuxilla suture runs anteroVentrally 
and reaches the alveolar border slightly beyond 
the upper canine and the bottom of the fossa for 
the lower canine. In this fossa the maxilla- 
premaxilla suture runs posteromedially and 
reaches the lingual alveolar border at the antero¬ 
medial angle of the canine. At this point the 
suture takes an almost anteroposterior direction. 
On the lateral border of the canine fossa, the 
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premaxilla is in contaci with the anterolateral 
process of the maxilla which forms rhe posterior 
third of the lateral wall of the canine fossa. Its 
two anterior thirds are formed by the premaxilla 
itself. In other borhyacnids, the maxilla forms no 
part of the lateral border of the fossa lor the 
lower canine while in the didclphids and in 
Pucadelphys (early Palaeocene of Bolivia) the 
maxilla forms the entire lateral wall of the fossa. 
The borhyaenoids are characterized by the loss of 
ihe maxillary anterolateral process which borders 
the canine fossa laterally. The-condition of 
Mayulestes represents an incipient development 
of this borhyaenoid feature, since the anterolate¬ 
ral process of the maxilla is greatly reduced w hen 
compared to the didelphoids but has nor totally 
disappeared as is observed in the other borhyae¬ 
noids. The fossa for the inferior canine is located 
anterior to the upper Canine. Its anterior part is 
in the premaxilla just behind and dorsal to the 
15. The bottom of this fossa is in the small por¬ 
tion of the maxilla, anterolateral to the upper 
canine and its lateral rim is formed by the maxilla. 
Its dorsal extremity is situated more ventrally 
than in Cladosicth , Sipalocyon , Acrocyon, and 
Borhyaena. The incisive foramina are elongated, 
narrow and slightly concave laterally. Their ante¬ 
rior extremity is at the level of the posterior end 
of the 13 and their posterior end reaches ihe ante¬ 
rior border of the canine. The medial edges of the 
incisive foramina are made of the ventromedial 
processes of the premaxillae, which seem to 
diverge slightly posteriorly. It is also possible that 
the divergence of the processes is the reside of the 
deformation of the skull due to fossil bat ion. 
Maxilla, (Figs 5, 6) The dorsal process of the 
maxilla is a low rounded blade, articulating ante¬ 
riorly with the premaxilla, dorsomcdially with 
the nasal, posteriorly with the lacrimal and late¬ 
rally widt the jugal. It has no contact with the 
frontal. The posterior edge of the dorsal process 
has a transverse suture that is roughly convex 
anteriorly. lr articulates laterally with the jugal at 
rhe level of rhe anterior part of M2 and passes on 
the ventral side of the skull. The jugal-maxilla 
sutures are almost parallel to the alveolar border, 
slightly converging anteriorly. The anterior ope¬ 
ning of the infraorbital canal opens dorsal to P3. 
It is of moderate to small size and probably 


slightly elongated dorsoventrally. This observa¬ 
tion is difficult because of the crushing of the 
skull. The posterior opening is flattened by 
deformation but it is likely that it was elongated 
transversally, It opens dorsal to M2. Its dorsal 
rim is formed by the lacrimal and its ventral rim 
by the maxilla, It is not possible to determine if, 
as in Pucadelphys , the palatine also participates to 
tire medial rim of die foramen. In Recent rneta- 
theriaps, the infraorbital canal transmits the 
infraorbital branch of the V2, a branch of the 
infraorbital artery and a small vein (Archer 
1976). 'File flout of the orbit is formed by the 
maxilla. Its' suture with the palatine, medially, is 
not observable. 

On the ventral side of the palate, there is a large 
postpalatine foramen with an orientation similar 
to that observed in Dldclphis. It faces anterome- 
dially with a small ventral component. Because 
of this condition, in ventral view, the postpalatine 
foramen appears as an elongated slit with an 
anterolateral-posteromedial orientation. This is 
clear on the left side of the specimen where the 
foramen is intact. The postpalatine foramen of 
Mayulestes is proportionally much larger than in 
other borhyaenoids. Its anterolateral edge is for¬ 
med by the maxilla and its dorsal, ventral and 
posteromedial edges are formed by the palatine. 
The palatine-maxilla suture- is difficult to deter¬ 
mine but it probably formed a regular parabola 
with an apex at the level of Ml and with 
brandies reaching the anterior border of rhe 
postpalatine foramen. Although the palate has 
been deformed it is possible to observe that it 
was fairly deep anil hollowed. The palatal por¬ 
tion of the maxilla has no vacuities. 

The anterior extremity of the maxillae on the 
palate shows two small anterolateral processes 
which form the posterolarer.il rim of the incisive 
foramina. On its anteromedial edge each maxilla 
shows a tiny anteromedial process wedged bet¬ 
ween the ventromedial process of the premaxilla 
and the vomer. 

Palatine. (Figs 5, 6) On the posterior extremity 
of the palate, the ventral edge of the choanae is 
relatively wide. It is approximately half of the 
distance between the protocones of the M4 
while it is close to one third of the distance in 
Borhyaena , Prothylacynus , Cladosictis and 
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Sipalocyon. The edge is thickened but does not 
form a true postpalatine torus as observed in 
most didelphoids (including Pueadelpbys, the 
oldest member of the superfamily known from 
skulls and skeletons), where it is salient ventrally 
and laterally. In this respect it resembles the 
condition observed in other burhyaenoids and 
differs from that in the didelphoids. In antero- 
ventral view of the palate the ventral rim of the 
choanae is markedly concave ventrally. At the 
interpalatine suture, a median spine is formed by 
the two medial spines of each bone. A lateral 
spine is located on the posterior edge of the post- 
palatine foramen and oriented ventrally. Ir arti¬ 
culates with the anterior extremity of the 
pterygoid wing and is closely appressed to it It 
also articulates with the maxilla anteriorly. The 
lateral spine and its articulation with the ptery¬ 
goid are located ventrally to the medial spine. 
Although the palatine bones are broken, it is 
possible to observe that they had no palatal 
vacuities a condition found in all the other 
borhyaenoids. 

The orbital portion of the palatine is badly 
damaged because of the crushing of the skull, 
and, therefore, its relationships with die lacrimal 
and the maxilla are very difficult to observe. 
However, on the right side of the specimen, a 
large sphenopalatine foramen, opening poste¬ 
riorly, is located ventrally and slightly posterior 
to the latetal extremity of the Frontal-lacrimal 
suture. It is well anterior to and dorsal to the 
postpalatine foramen. The sphenopalatine fora¬ 
men transmits the sphenopalatine artery and 
nerve into the nasal cavity. 

Postetomedially, the palatines have two large 
sphenoidal processes which roof the choanae and 


the palatine gutter. The processes underlap the 
presphenoid and the basisphenoid and have a 
small contact with the anterior processes of the 
alisphenoids. This condition is probably similar 
to that observed in the didclphids. 

Pterygoid. (Pigs 5C, 6C) Both pterygoids are 
preserved on the specimen described here. The 
pterygoid of Mayulestes is a large (for a borhyae- 
noid), triangular blade, located lateral to die roof 
of the choanae. It is high and has a well-developed 
hamulus on its posteroventr.il extremity. It arti¬ 
culates mostly with the posteromedial extensions 
of the palatines which form the roof ol the choa¬ 
nae and underlaps the presphenoid and the 
basisphenoid posteriorly. The pterygoid contacts 
the alisphenoid posteriorly and, anteriorly, has a 
very small contact with the maxilla posterolateral 
to the postpalatine foramen. The pterygoid of 
Mayulestes fir ox is much larger that of the didel- 
phids. It is very reduced in other borhyaenoids 
where it loses the haniular processes. 

The choanal gutter of Mdyult'siei is Very similar 
to that of didelphids: it is short atueroposteriorly 
and is bordered mostly by the pterygoids. In the 
other borhyaenoids the pterygoids are reduced 
and the choanal gutter is elongated. Its Walls are 
formed by the sphenoidal processes of the pala¬ 
tines and the pterygoid processes of the alisphe- 
noids. They are thick and their lateral side is 
buttressed by a salient ridge. 

Lacrimal. (Figs 5, 6) The lacrimal forms the ante¬ 
rior border of the orbit. It has a large triangular 
portion on the dorsal surface of the skull, Its late¬ 
ral portion is a -small horn that articulates on the 
medial side of the anterior extremity of the jugal. 
The lacrimal articulates with the maxilla anterior¬ 
ly, with the fmnral posteromedially, with rhe nasal 


Fig. 6 — Mayulestes ferox. Reconstruction ot the skull and mandible (lateral view): A, dorsal- B, ventral; C, lateral views (the ascen¬ 
ding ramus ot the dentary, lacking in the hoiotype, has been reconstructed from the mandible ot a recently discovered specimen pro¬ 
bably referable to Mayulestes). Abbreviations: AS, alisphenoid; ahs, alisphenoid hypolhympanic sinus; BO, basioccipital; 
BS, basisphenoid; corpd, coronoid process of dentary; cpd, condyloid process of dentary; OEN(ar), ascending ramus of dentary; 
OEN(hr), horizontal ramus at denary; doc, dorsal occipital condyin; cam, oxtornal auditory moatuo; ct, entocarotid toramen; 
EO, exoocipital; er. epityinpanic recess: lie, fossa lot lower canine, Itn, foremen magnum; fo, foramen ovale FR frontal; 1r„ toramen 
rotundum; gf, glonoid fossa: hapt, hamubr process ot Itio ptorygoid: If, incisive foramen, He. infraorbital canal. JU, jugal LA. lacri¬ 
mal; Ic, lembdolrtal crest (* nuchal crest); If lacrimal foramen; mnsf, masseteric fossa; menf. montal foramen; mp, mastoid process: 
mpf, medial palatine foremen, mps, media' process of the squamosal, MX maniiia; na, nasal; pa, parietal; pgt. postgienoid fora¬ 
men; pap, postplenoid process ot Ihe squamosal; PL, palatine, PMX, pferrwilia, P(pmj, pare mesioidea of peifom&stoW (* mastoid 
s.str.); P(pp). pars petrosa ol putromastafd (- petrosal s .sir.); PT. ptoryqoid; ppl puslpataline foramen; ppl. postpalat pe torus; 
prgp. p'egletiO'd process of jugal ps, palatine sulcus; psmf, posterior shell ot ropssnterlc lossa; ptp. positympantc process: 
sc. sagittal crest; sica, sulcus for the internal carotid artery; SO, supraoccipital; spf, supraorbital process of frontal; SQ, squamosal. 
Scale bar: 1 cm. 
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the total length of the bone) and, in lateral view, 
it is less oblique than in the other borhyaenoids, 
The anteriormost extremity of the jugal is lateral 
to the anterior edge of M2. In ventral view, the 
jugal-maxilla .sintire is eqmdi.sr.inr along all its 
length trom the alveolar border and the sutures 
on both side of the specimen are slightly diver¬ 
gent posteriorly. Medially on its amerodorsal 
side, the jugal has a small articulation with the 
lacrimal. In lateral view, flic hone is gently sig¬ 
moid. Its anterior portion is concave dorsally 
and forms the ventral border of the orbit. The 
transition from the orbit to the temporal fossa is 
hardly marked by rhe inflexion of the bone. The 
posterior portion of the bone is convex dorsally 
and is approximately 60% ol the total length of 
the bone. At a level slightly anterior to the post- 
orbital constriction, the jugal articulates dorsally 
with the zygomatic process ol the squamosal. Its 
posterior extremity contributes to the anterolare- 
ral edge ol the glenoid (ossa. From the posterior 
end of the jugal-maxilla arriculation. to rhe ante¬ 
rior end of the jugal-squamosal articulation, the 
jugal has a constant widths It tapers rapidly 
towards irs anterior exrremiry and gradually 
towards its posterior extremity. On the lateral 
side of rhe hone, a sigmoid rim and a shallow 
sulcus for the inserrion of the masseter muscle 
run from the dorsal region of the posterior extre¬ 
mity to the ventral region of the jugal, at the 
level of the posterior extremity of the 
jugal-maxilla suture. 

Frontal. (Figs 3, 6) In dorsal view, the fronrals 
form the inrerorbit.il bridge located between the 
slightly longer rostrum and braincase. The fron- 
tals represent approximately 28% of the total 
length of the skull. Anteriorly they have a dis¬ 
tinct W-shaped suture with the nasals and, on 
their anterolateral edge, a small suture with the 
lacrimals. The posterior suture with the parietals 
also has the shape of a W widely opened poste¬ 
riorly. Lateral to the frontal-parietal suture, the 
dorsal part of the Irontal-alisphenoid suture is 
subvertical; the venrral portion of the suture is 
not observable because ol the crushing of the 
specimen. Very weak and rounded supraorbital 
processes (they resemble humps more than pro¬ 
cesses) are located dorsally in the middle of the 
lateral edge of the bone and a reduced interorbi¬ 


tal constriction is located slightly anterior to the 
frontal-parietal suture. Supraorbital processes 
and interorbital constriction are much less deve¬ 
loped than in the other borhyaenoids and the 
constriction is in a more posterior position than 
in the other borhyaenoids. In dorsal view, the 
frontals are much less opened anteriorly (i.e. the 
lateral edges ol the hones are less diverging ante¬ 
riorly) and much narrower posteriorly than in 
the other borhyaenoids. There is apparently no 
supraorbital foramen as in other borhyaenoids 
and in didelpliids, although a liny ioramen 
below the right supraorbital “hump" could 
represent an actual supraorbital foramen. 

On the lateral side of the skull, rhe relationships 
of rhe frontal with the palatine, the orbito- 
sphenoid and the lacrimal are not observable 
because of the crushing of the skull. 

Parictai and interparietal. (Figs 5, 6) The wo 
bones are tightlv fused and no suture can be dis¬ 
tinguished between them.. The bones ate relati¬ 
vely flat which denotes small cerebral 
hemispheres. In the middle of each parietal, and 
medial to the anterior edge of the posterior root 
of rhe zygomatic arch, is a small prominence 
(corresponding ro the cerebral hemispheres) and, 
locared behind, a small depression just posterior 
to the anterior extremity of the hone. Behind the 
prominence is another depressed area which cor¬ 
responds to rhe interparietal region anterior to 
the lambdoid crest Except for the relatively 
weak (for a borhyaenoid) sagittal and lambdoid 
crests, the muscular attachment for the icmporal 
muscle is not clearly evident as is observed in 
Pucadelphys by several irregular scars. Each parie¬ 
tal has a V-shaped suture with the frontal ante¬ 
riorly (the V being wide open posteriorly), an 
oblique concave suture with the alisphenoid (i.e. 
the two parietal-alisplienoid sutures diverge pos¬ 
teriorly in dorsal view) and a concave, auteropos- 
terioly oriented suture with the .squamosal. The 
triple point between the parietal, the alisphenoid 
•and thesquamos.il is located lateral to the hemis¬ 
pherical prominences ol rhe parietal, approxima¬ 
tely in the middle of the lateral edge ol the 
parietal. Several small grooves or pits roughly ali¬ 
gned iransversally are observed in the middle of 
the cranial vault, on both sides of the sagittal 
crest. They do not seem to correspond to muscu- 
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lar attachments but probably represent scars due 
to injuries resulting from the attack of a predator 
on the head of the holotype of Mayulestes ferox, 
catching it from above and to the side. 
Orbitosphenoid. (Figs 5, 6) This bone is preser¬ 
ved but it is badly crushed. It can be observed in 
the bottom of the large optic-orbital foramen, 
l ire lateral wall of this foramen is formed by the 
alisphenoid and the medial wall is formed by the 
orbitosphenoid. The foramen is located dorsola¬ 
teral to the base of the hamular process of die 
pterygoid, fn the specimen described here, a por¬ 
tion of the alisphenoid artificially overlaps the 
anteromedial edge of the optic-orbital foramen. 
Approximately 5 mm beyond the posterolateral 
rim of the optie-otbital foramen, at the suture 
between the orbitosphenoid and the frontal is 
the ethmoidal foramen, which is located dorsola- 
terally to die anterior third of the pterygoid. The 
optic-orbital foramen and the ethmoid foramen 
arc located in a slightly more posterior position 
than in the living Didelphis. The optic-orbital 
foramen transmits the cranial nerves 11, [11, IV, 
Vl, VI, the ophtalmic artery and a vein which 
drains the eye to the cavernous sinus. The eth¬ 
moid foramen transmits a branch of the internal 
carotid from, lhe orbit into the olfactory region 
of rhe cranial cavity (Archer 1976). 

Alisphenoid. (Figs 5C, 6C, 7,. 8) 1 his bone 
forms the anteroventrolareral region of the brain- 
case. It has a large articulation with the frontal 
anteriorly and laterally; with the parietal dorso¬ 
lateral ly and with the squamosal posrerolaterally. 
The alisphenoid articulates with the orbitosphe¬ 
noid medially, the palatine and rhe pterygoid 
anteriorly and the basisphenoid and the periotic 
posteriorly. Anreromedially, the alisphenoid 
forms the posterior rim of the optic-orbital fora¬ 
men. Postero-lateral to it is a large foramen 
rotundum (which transmits the maxillary branch 
of the trigeminal nerve, V2) which opens ante¬ 
riorly. Lateral to rhe foramen rotundum is a wide 
groove bordered laterally by a sharp crest, obli¬ 
quely oriented {i.e. in anteromedial-posterolateral 
direction). This structure represents the ventral- 
most extension of the origin ol rhe temporalis 
muscle, which was apparently well-developed in 
Mayulestes. This structure is also observed in 
Didelphis , although here it is much less pro¬ 


nounced. It is absent in Barhyaena , Cladosictis 
and Sipalacyan , but it is very well-developed in 
Prothylacynus where strong fossae, grooves and 
crests are present in that region of the skull. 
Posteromedial to the foramen rotundum, the. 
alisphenoid borders the basisphenoid laterally 
and, at the posterolateral extremity of this bone, 
it contributes to the formation of the dorsal wall 
of the entocarotid foramen (which transmits the 
internal carotid artery and a small vein from the* 
inferior petrosal sinus). Lateral to the entocarotid 
foramen, the alisphenoid forms the anterior edge 
of the foramen ovale and the foramen lacerum 
medium. Because ol the deformation of the skull 
it is not certain whether the foramen ovale and 
the foramen taccrum medium were separated 
from each other by a bony wall or were- 
confluent, although the first interpretation is 
more probable.. Postcrolaterally, the alisphenoid 
contributes, to the formation of the alisphenoid 
hypotympanic sinus (see Muizon 1991) where-it 
is wedged between the petiotic posreromedially 
and the medial process of the squamosal antero- 
Iarerally. The alisphenoid does not possess any 
tympanic process, not even incipient. No trans¬ 
verse canal is observed lateral to the suture with 
the basioccipital. Laterally, the alisphenoid 
contributes ro the formation of the anteromedial 
angle ol the glenoid fossa. 

Basisphenoid. (Figs 5C, 6C, 7, 8) It is a large 
trapezoid bone narrow anteriorly and wide pos¬ 
teriorly. It is anteriorly undcrlapped by the .sphe¬ 
noid processes of the pterygoids which hide its 
suture with the presphenoid. The bone is borde¬ 
red by two lateral crests which are higher in their 
anterior portion. Along these crests, the basis- 
phetioid is tightly articulated with the alisphc- 
noid but the suture is clearly visible on both 
sides of the specimen. On the posterolateral 
angle, a reasonably developed entocatorid fora¬ 
men opens wherein the ventromedial edge is for¬ 
med by the basisphenoid. The bone is flat on 
most o( its surface, except for the lareral crests 
and a small median ridge that occurs in its anre- 
rior region and which tapers rapidly posteriorly. 
T he suture with the basioccipital is straight, 
transverse and joins the anterior extremity of the 
periotics. 

Squamosal. (Figs 5-8) Dorsally, the squamosal 
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articulates with the posterior lateral half of the 
parietal in a convex suture. Anterolaterally, it has 
a subvertical suture with the alisphenoid which 
turns laterally and passes on the ventral side of 
the skull, where it cuts obliquely the anterome¬ 
dial angle of the glenoid fossa. It then runs 
medially, almost reaching the lateral border of 
the foramen ovale. In this area the squamosal 
possesses a medial indentation [called here die 
medial process of the squamosal (Muizon 1994)] 
which is also present in the other borhyaenoids, 
and in Andino-delphys Pucadelpbys but absent in 
other marsupials (see discussion below). The 
posterior edge of this process is excavated by the 
roof of the alisphenoid hypotympanic sinus and 
its ventral side bears a conspicuous ridge which 
almost joins the medial edge of the glenoid fossa 
to the lateral border of the foramen ovale (the 
anterior crest of the alisphenoid hypotympanic 
sinus; Fig. 7), The medial process of the squa¬ 
mosal articulates with the alisphenoid and, at the 
point where the suture leaves the alisphenoid 
hypotympanic sinus posteriorly, the squamosal 
articulates with the periotic. The suture runs 
along the lateral border of the epitympanic recess 
and the fossa incudis. Further posteriorly, the 
squamosal has an irregular contact with the late¬ 
ral surface of the pars mastoidea of the periotic. 
The periotic-squamosaJ suture is visible in dorsal 
view of the skull where a small portion of the 
pars mastoidea is not coveted by the squamosal 
and is part of the lambdoid crest. 

The glenoid fossa is deep and elongated transver¬ 
sely. In this respect it resembles that of 
Borhyacna, mote ihan that of any odier borhyae- 
noid. The axes of rhe glenuid fossae are not 
exactly parallel as in Borhynemt and Prothylacynus 
but are slightly oblique in relation to the antero¬ 
posterior axis of the .skull, its anteromedial angle 
is formed by a small contribution of the alisphe¬ 
noid as observed in mostdidelphids and perame- 
lids, contrary to the other borhyaenoids. The 
postglenoid process is very wide and high. It has 
a rounded outline and is approximately symme¬ 
trical in postetior view (i.e. its greatest ventral 
expansion is located at the middle of the glenoid 
fossa). The preglcnoid process of the jugal is 
much smaller and is located at the anterolateral 
angle of the glenoid fossa. The postglenoid fora¬ 


men is located on the posteromedial edge of the 
postglenoid process. The vessels it transmits 
continue their course in a groove along the ven¬ 
tromedial edge of the posrglenoid process. The 
groove disappears approximately in the middle 
of the ventral edge of the process. T he postgle¬ 
noid foramen is exclusively (brined by the squa¬ 
mosal. while internally the medial wall of the 
canal is formed by the lateral side of the periotic 
and the medial yvall is formed by the squamosal. 
The postglenoid foranien transmits the spheno¬ 
parietal emissary vein (which externally becomes 
the postglenoid vein) from the prootic sinus 
(Wible 1990) and the postglenoid artery (Archer 
1976; Wible 1990). 

The subsquamosal foramen is preserved on the 
left side of the specimen hut it is reduced to a 
small slit (probably slightly flattened by the 
deformation of the skull) posterodorsal to the 
postglenoid foramen, just dorsal to the external 
acoustic meatus. It differ;; from what is observed 
in all other borhyaenoids where the subsquamo- 
sal foramen is always much larger, but clearly 
resembles that of rhe stagodontid Eodelphis cutleri 
from the Late. Cretaceous of Canada. The sub- 
squamosal foramen opens into the postglenoid 
foramen and transmits an artery from the post¬ 
glenoid foramen onto rhe parietal area of the cra¬ 
nium, which supplies the tempotaJis muscle, and 
a vein from the sphenoparietal emissary vein, 
which exits through the postglejioid foramen 
(Archer 1976; Wible 1990). 

There are no obvious postzygomaric foramina, 
contrary to the condition observed in 
Pucadelpbys. However, the small foramen located 
in the groove of the pustglenoid foramen could 
represent the postzygomatic foramen which 
migrated medially from its position dorsomedial 
to the apex of the glenoid process. The condition 
of Mayutestes is found in the other borhyaenoids 
and in Dide/pbis.. The postzygomatic foramen 
transmits a vein from the posterior root of the 
zygomatic arch to the sphenoparietal emissary 
vein (Archer 1976). In some other Borhyae- 
noidea ( Prothylacynus , Cladasiciis , Sipalocyon and 
Sallacyon) another foranien is present on the 
lateral face of the zygomatic process of the squa¬ 
mosal, just above the glenoid fossa. In didel- 
phids, when present, this foramen is connected 
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Fig. 7 — Mayulestes ferox, holotype (MHNC 1249). Basicranium. Scale bar' 1 cm. 


to the postzygomatic foramen. The same is pro¬ 
bably true in borhyaenoids although the second 
foramen is located further anteriorly than in 
didelphids and therefore more distant from the 
posmygomatic foramen. 

Because the pars mastoidca of the periotic has 
been displaced from its original contact with the 
squamosal, it is difficult to observe the posttem¬ 
poral foramen. However, the pars mastoidca of 
the right periotic shows a clear small norch on its 
ventrolateral angle which could represent the 
posttcmporal foramen. If this interpretation is 
correct, the foramen would be in a much lower 
position than in Didelphh and Pucadelphys. The 
posttympanic foramen carries the arteria diploe- 
tica magna and the vena diploetica magna which 
pass through a canal bordered by the periotic 
medially and the squamosal laterally fWible 
1990). 

Periotic. (Figs 7. 8) This hone includes two 
components: the pars mastoidca which largely 
contributes to the formation of the lateral part of 
the occipital view and houses the subarcuate 
fossa on the cerebellar side; and the pars petrosa 
wlrick houses the inner car, semicircular canals 
and cochlea in the proinontorium, and, on the 
cerebellar surface, the internal auditory meatus. 
The large pats mastoidea of Mayulestes forms the 
lateral area of the occipital .shield. It differs from 
that of all the other borhyaenoids where it is 
totally Internal and does not outcrop on the pos¬ 
terior face of the skull. In Mayulestes , it is wed¬ 
ged between the exoccipital ventromedially, the 
supraoccipital tlorsomedially and the squamosal 
anteriorly. A small mastoid foramen is present on 


the dorsomedial region of the occipital side of 
the pars mastoidea, just lateral to its suture with 
the supraoccipital. In posterior view, the pars 
mastoidca has a teniform shape with a concave 
medial edge and -a lateral edge straight in its 
middle and more or less convex at its extremities. 
The surface of the pars mastoidea is mostly flat, 
but concave in the area of the mastoid foramen 
The anteroventral edge of the pars mastoidea is 
formed by the caudal tympanic process of the per¬ 
iotic (semi Wible 1990). Its ventrolateral extremi¬ 
ty bears a small and rounded mastoid process but 
is relatively salient vemrally and posteriorly. 
Dorsolateral to the mastoid process is a small rim 
which is bordered laterally by the .squamosal. In 
the-middle of that ridge is a foramen of reasonable 
size which has not been found in other Recent or 
living marsupials. Its function has not been eluci¬ 
dated. Ametodorsally to die mastoid process is a 
small saddle-shaped groove for the passage of the 
facial nerve: the stylomastoid notch. 

The ventral or tympanic side of the periotic is 
formed by the large teardrop-shaped promonto- 
riurn which represents the pars cochlearis, and 
by the porrion of the periotic posterior and late¬ 
ral to the prumontorium, the pars canaliculatis. 
The posterior region of the promontorium is the 
thickest and bears a small tubercle just ventral to 
the cochlear window. A similar tubercle is also 
observed in Sipalocyon. This morphology has 
been noted by Archer (197b: 291) who observed 
on the right promontorium of AMNH 9254 
(Sipalacyon gracilis) a transverse swelling poste¬ 
rior to a small depression that he regards as 
homologous to the tympanic wing of the petro- 
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sal in other marsupicarnivores. In Aiayu/estes the 
tubercle is exactly in the same position as the 
rostral tympanic process of the periotic [= tym¬ 
panic wing of the petros'ai oi Archer (1976)] 
observed in living didelphids. From that tubercle 
a shallow depression tuns antexomedially, turns 
anteriorly and becomes a deep groove, at the apex 
of the promontortiiin. This sulcus marks the 
route of passage of the internal carotid artery, 
which enters the skull via the entocarotid fora¬ 
men located anteromedial to the foramen ovale, 
and is formed by the alisphenoid dorsolaterally 
and the basisphenoid vent/onredially. The passage 
of the internal carotid is thus situated medially 
(sensu Presley 1979}. Lateral to the sulcus for the 
internal carotid artery is a large fossa on the late¬ 
ral side of the promontorium for the insertion of 
the stapedial muscle. This fossa is separated from 
the sulcus for the internal carotid by a high, 
bony wall. The medial side of the promonto¬ 
rium has a sigmoid outline: it is deeply concave 
in its posterior region (medial ro the tubercle 
mentioned above) and largely convex in its ante¬ 
rior part forming a blade-like expansion which 
articulates with the basioccipital. The medial 
border of the promontorium is the ventral bor¬ 
der of a deep medial sulcus for the passage of the 
inferior petrosal sinus. This vessel is a vein which 
connects the cavernous sinus (encasing the pitui¬ 
tary gland and the optic chiasma) with the jugu¬ 
lar vein just before it emerges from rhe inferior 
petrosal foramen (MacIntyre 1972: 291). The 
sulcus for the jugular vein was misidentified as a 
sulcus for a branch of the internal carotid artery 
by Patterson (1965), Clemens (1966) and 
Marshall (1977a, 1978). The concave edge of 
the posteromedial border of the promontorium 
corresponds to the dorsolateral rim of the infe¬ 
rior petrosal foramen. 

Two openings exist on the posterior region of rhe 
promontorium: rhe fenestra cochleae and the 
fenestra vestibuli. The fenestra cochleae is situa¬ 
ted on the posterolateral surface of the promon¬ 
torium, just medial to the stylomastoid notch. It 
has an ovoid shape with its ventral rim more 
convex than the dorsal as observed in 
Pucadelphys and other borhyaenolds. The fossula 
fenestra cochleae, which is well marked in 
Pucadelphys and in the Late Cretaceous petrosal 


type A. B and C of Wilde (1990), is absent in 
A'iaytdestes as in the other borhyacnoids. 
PoSteromediodorsal to the fenestta cochleae is a 
funnel-shaped pit opening posterolaterally, 
which houses the opening of the aqueduetus 
cochleae which opens in the posterior lacerate 
foramen. The anterolateral rim of the posterior 
lacerate foramen is formed by the periotic and its 
posteromedial rim formed by the exoccipital. On 
rhe anterolateral side of the promontorium Is the 
fenestra Vestibuli which is hardly visible (as it is 
reduced to a simple slit) because of the dorsoven- 
iral squeezing of the specimen. Its posterior end 
is located just medial to the bony rrabecula that 
makes the junction between the pars mastoidea 
and the pars petrosa; the crista parotica. On the 
right periotic h is possible to observe that the 
fenestra vestibuli is located within a shall ow 
depression, the fossula fenestra vestibuli. 

Laterally, the promonronum is bordered by a 
deep, [.-shaped groove, which passes between the 
promontorium and the cpitympanic recess ante¬ 
riorly and between the promontorium and the 
caudal tympanic process of the periotic, poste¬ 
riorly. The posteromedial extremity of the groove 
is formed by the anterolateral wall oi the poste¬ 
rior lacerate foramen. The cavity located lateral 
to this wall, posterior to the posterior border of 
the promontorium and anterior to the caudal 
tympanic process of the periotic, is the mastoid 
epitympanic sinus. Anterolateral to this sinus 
and lateral to the fenestra vestibuli is a shallow 
cupule which receives the origin of the stapedius 
muscle: the fossa stapedius. The stylomastoid 
notch forms the angle of the L and ventral to it 
and lateral to the stapedius fossa is the crista 
parotica, which separates the fossa stapedius 
medially and the fossa incudis laterally. 

Anterior to the fossa incudis is the epitympanic 
recess. This structure has been defined by Van 
der Klaauw (1931: 73) and Archer (1976a: 226) 
and a clear and simple definition has been given 
by Wiblc (1990: 188): it is “[...] the extension of 
the middle ear cavity that lies dorsal to the tym¬ 
panic membrane and contains the mallear- 
incudal articulation”. In Didelphis the epitympa- 
nic recess is a small elongated fossa located dorso- 
medial to the dorsal rim ol the external auditory 
meatus, ventral to the prootic canal and lateral 
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Fig. 8. — Mayulestes ferox, left ear region: A, holotype (MHNC 1249): B, reconstruction. Abbreviations: ahs, alisphenoid hypotym- 
panic sinus: ar, anterior ridge ol (be alisphenoid hypolympanic sinus; AS. alisphenoid: BO, basioccipilal; BS, basisphenoid; 
cl, condyloid foramen: cfpp, caudal tympanic process of pars mastoidoa ol petromastoid: earn, external auditory meatus; ef, entoca- 
rotid foramen; EO, exoccipital; epa, enfoglenoid process of Ihe alisphenoid, er, epitympanic recess; fc, lenesfra cochleae; fi, fossa 
incudis; fo, foramen ovale; tr, foramen rotundum, fs, facial sulcus; tstm, lossa tor slapedial muscle; fv. fenestra vestibuli; gf, glenoid 
fossa; icn, intercondylar notch: ipf, intenor petrosal foramen; JU, Jugal; mes, mastoid epitympanic sinus; mp, mastoid process; trips, 
medial process ol the squamosal: oc, occipital condyle; pgf, postglenoid foramen; pit posterior lacerate foramen; P(pm). pars mas- 
toldea of periotic; pgp postglenoid process ol squamosal; po, promontorium of pars petrosa of petromastoid; 
prgp, preglenoid process ol the jugal, PT, pterygoid; ptc, petrosal crest; ptp, posltympanic process; sft, secondary facial foramen; 
sica, sulcus for internal carotid artery; SQ, squamosal; ttf, tensor tympani fossa. Scale bars: 5 mm. 
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and parallel to a line joining the secondary facial 
foramen and the fenestra vestibuli. It is limited 
laterally by die dotsal rim of the external audi¬ 
tory meatus of the squamosal and anteriorly by 
an elevated oblique (anterolateral-posteromedial) 
ridge called the petrosal crest. In living didel- 
phids, the petrosal crest joins the triple point 
periotic-squamosaJ-alisphenoid (laterally) and a 
small crest [roughly antcroposteriorly orienred 
(precisely, anteromedial-posterolateral)] flooring 
the medial opening ol the prootic canal (medial¬ 
ly). The petrosal crest also delineates the postero¬ 
lateral border of the alisphenoid sinus which is 
excavated in the petiotic in its posterior portion. 
The rest of the alisphenoid hypotympanic (in 
didelphids the sinus is actually, ar least in part, 
hypotympanic) sinus ( i.e. most of it) is excavated 
in the alisphenoid. The postetior region ol the 
alisphenoid in the sinus underlaps a small por¬ 
tion of the periotic. The posterior portion ol the 
alisphenoid hypotympanic sinus, the anterior 
portion of the epitympanic recess and the ridge 
that separates them, form, in the periotic, a small 
ventrally r directed ttiedta that Wible (1990, 
fig. 4) tetmed the lateral wall of the epitympanic 
recess. Consequently, the fossa anterior to the 
petrosal crest, in Wtble's illustrations (1990, 
figs 2F, 4C), do nor represent part of the epirym- 
panic recess but the periotic portion of the alis¬ 
phenoid hypotympanic sinus. As it will be 
shown below, the so-called alisphenoid hypo¬ 
tympanic sinus is not always excavated mainly in 
the alisphenoid and is not always hypotympanic 
[a contradiction also noted by Archer (1976a; 
127)]. Howevet, since the morphology of the 
middle ear sinus of Mayulestes is regarded hete as 
homologous to that of the other borliyaenoids 
and although the term hypotympanic is inappro¬ 
priate in the case of Mayulestes, it will be used 
here (as elsewhere, Muizon 1994) In order to 
avoid confusion. 

In Mayulestes , the epitympanic recess is an elon¬ 
gated fossa limited posteriorly by the dorsal por¬ 
tion of the crista parotica and anteriorly by rhe 
petrosal crest. The small pit at its posterolateral 
extremity, lateral to the dorsal part of the crista 
parotica, is the fossa incudis (or fossa crus breve 
incudis) where the ligament of the small process 
of the incus is attached. The epitympanic recess 


and the fossa incudis are bnrdeted laterally by 
the dorsal rim of the external auditory meatus of 
the squamosal. However, because of the crushing 
of the specimen described here, they ate opened 
laterally since their lateral wall is displaced late¬ 
rally, Following Wible (1989, fig. 4A, C), 
Muizon (1994, fig. 2a) misidentified the epitym¬ 
panic tecess of Mayulestes. What I identified as 
the epitympanic recess is in fact the posterior 
p3rt of the alisphenoid hypotympanic sinus and 
the fossa incudis {in Muizon 1994) is the epity- 
mapnic recess. In irs anterior portion, the epi¬ 
tympanic recess is bordered by rwo small crests. 
The lateral one was probably in contact with the 
squamosal or close to it and is medial to rhe ven¬ 
tral opening of the sulcus for the ptootic sinus. 
The medial crest forms rhe floot of a small 
trough located just lateral to the secondary facial 
foramen and dorsolateral to the petrosal crest. 
This trough, in didelphids, houses the medial 
opening of the prootic canal. In Mayulestes the 
prootic canal is absent. On the lateral side of the 
right periotic,, the sulcus for the prootic sinus is 
dearly visible because of the opening of the 
squamosal-periotic suture due to the crushing of 
the skull. Peering through the sinus, it is not 
possible to obsetve any lateral foramen of the 
prootic canal. Medial to the medial extremity of 
the pettosal crest is the .secondary facial foramen 
which opens posteriorly and through which is 
passing the facial nerve. 

Beyond the petrosal crest is a large (hut small for 
a boi hyaenoid) alisphenoid hypotympanic sinus. 
It is' made of three different bones, the periotic, 
the alisphenoid and the squamosal. Its posterior 
half is excavated in the petiotic. In Mayulestes it 
is approximacely half of the sinus while in 
Didelphis that region of the periotic is totally 
covered by the alisphenoid vemratly. The antero¬ 
lateral half of the sinus is formed by a small strip 
of the alisphenoid, postetomedially, and by the 
postetior wall of the medial process of the squa¬ 
mosal, anterolaterally. The alisphenoid-squamosal 
sutute has a distinct sigmoid morphology. The 
anteriot border of the alisphtnoid sinus is for¬ 
med by the medial process of the squamosal 
which bears a conspicuous ridge (the anterior 
ridge of the alisphenoid hypotympanic sinus) 
which almost joins the medial border of the gle- 
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noid fossa to the lateral border ol the. foramen 
ovale. 

Anteriorly, between the fossa for the tensor tym- 
pani muscle and its lateral border, the periotic 
forms the posterior border of the foramen ovale. 
This condition is primitive for marsupials 
(Muizon etal. 1997) and will be discussed below. 
Ectotympanic. No ectotympanic has been 
found with the type spectmen ol Mayulestes. In 
other borhyaenoids, the ectotympanic articulates 
with the squamosa) between the medial edges of 
the postglcnoid process and postglcnoid foramen 
and the medial process of the squamosal. The 
alisphenoid also participates in rhe articulation 
and small contact may exist with the postrympa¬ 
nic process of the squamosal ppsceroventrally. A 
shallow groove and small ridges can be observed 
in this area and evidences the articulation with 
the ectotympanic. In Mayulestes this region of 
the skull is damaged on both sides of the speci¬ 
men. However, on the right side of the skull, it is 
possible ro observe the contact between the 
squamosal, medial to ihe postglenoid foramen, 
and the periotic, lateral to the lateral extremity of 
the petrosal crest and the periotic part of the 
hypotympanic sinus. A fairly good reconstruc¬ 
tion of this region of die skull is possible, and 
apparently, there was no groove or ridge for rhe 
articulation of die ectotympanic, although very 
subtle undulations of the squamosal in this area 
are observable with incident light. Therefore, it 
seems that the ectotympanic of Mayulestes was 
not tightly imbricated with the squamosal as in 
other borhyaenoids. This bone was probably 
maintained in its position by ligaments only, but 
perhaps apptessed against the squamosal in a 
position that could represent an incipient deve¬ 
lopment of the condition observed in the other 
borhyaenoids. This condition seems ro he inter¬ 
mediate between that of Dirlelphis - where the 
ectotympanic is attached ro the alisphenoid by 
ligaments only, and has no true articulation with 
the skull — and that of other borhyaenoids. 
Basioccipital. (Figs 5C, 6C, 7) Because of the 
dorsoventral crushing of the skull, the bone has 
been pushed dprsally within the braincase and 
occupies a position dorsal to the periotics whe¬ 
rein the inferior petrosal sinus is exposed medial¬ 
ly. The basioccipital is a short, broad, trapezoidal 


bone which contrasts with that of the other 
borhyaenoids where it is generally longer and 
narrower. In this respect, it is more similar to 
that observed in Dirlelphis. The basioccipital has 
a broad, transverse suture with the basisphenoid 
anteriorly. Posterolaterally, at its contact with die 
periotic, the basioccipital is inflated, a morpho¬ 
logy which indicates the passage of the inferior 
petrosal sinus. Its articulation wirh the exoccipi- 
tal is formed by two oblique lines which join the 
posteromedial angle of the promontoria to the 
central region of the ventral rim of the foramen 
magnum which is formed by the basioccipital. 
The bone has a small median keel which .starts at 
the hasisphenoid-basioccipital suture and which 
affects rhe anterior two thirds of the bone. On 
each side of this keel are two deep fossae for the 
origin of the rectus capitis ventral is muscle. 
Exoccipital. (Fig. 9) This bone contacts the 
periotic medially and forms the posterodorsal 
wall of the inferior petrosal foramen, and the 
medial and posterior rim of the foramen lacerum 
posterior (which transmits die nerves IX, X, XI, 
and probably a small branch of the sigmoid 
sinus, to the internal jugular vein). Anteriorly it 
has a small contact with the pats petrosa of the 
periotic by the septum between the inferior perro- 
sal and posterior lacerate foramina and laterally 
it contacts die pars mastoidea of the periotic. 

On the ventral side of the exoccipital, anterior to 
the ventral portion of the occipital condyle, are 
two condyloid foramina which probably trans¬ 
mitted branches of the nerve XII (Jollie 1962) 
but may also carry branches of the sigmoid sinus 
to the internal jugular vein (Archer 1976). 

In posterior view, because ol the crushing of the 
skull, rhe foramen magnum is flattened dorso- 
ventrally and the occipital condyles are "folded” 
and broken. It is however possible to note that 
the exoccipitals had a large, convex suture with 
the pars mastoidea of the periotic {i.e. rhe lateral 
edge of the exoccipital is convex). The suture 
with the supraoccipiial is slighdy convex {i.e. the 
dorsal edge of the exoccipital is convex) and runs 
irom the dorsomcdial region of the mastoid pro¬ 
cess to the dorsal rim of the foramen magnum. 
The paroccipital process, il present, was very 
small. The occipital condyles are very large but 
much less salient than in the other borhyaenoids. 
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Fig. 9. — Mayulestes terox. skull in occipital view. A, holotype, (MHNC 1249) B, reconstruction. Abbreviations: EO. exoccipital, 
fm, foramen magnum; ten, intercondylar notch; JU, jugal; Ic, lambdoldal crest; mf, mastoid foramen; mp, mastoid process; doc, dor¬ 
sal occipital condyle; P(pm), pars masioidea ol the penotic, pgf, postglenoid foramen; pgp, postglenoid process of the squamosal; 
prgp, preglenoid process of the jugal; SO, supraoccipital: SQ, squamosal. Scale bars: 1 cm. 


In this respect the}' are more similar to those of 
Didel/>his. On the dorsal rim of the foramen 
magnum, the exoccipitals are broadly separated 
as observed in Pucadelphys , contrary to the 
condition of Didelphis. The condition in the 
other horhyaenoids was difficult to evaluate as in 
all the specimens available during this study the 
exoccipitals were tightly fused to the supraoccipi¬ 
tal. 

Supraoccipital. (Fig. 9) This bone occupies the 
dorsal central area of the occipital shield and 
forms an imporrant portion of the dorsal rim of 
the foramen magnum. The bone articulates ven- 
trolaterally with the exoccipital, laterally with the 
pars mastoidea of the periotic and dorsally wirh 
the postp3rietal. Apparently, the suture with the 
postparietal is located on the lamhdoidal crest 
itself. The surface of the supraoccipital is relati¬ 
vely smooth. However, the posteriorly protru¬ 
ding lamhdoidal crest forms a very deep fossa for 
the attachment of the nuchal muscles. Several 
small foramina are present, mainly at the base of 
the lambdoid crest. 


Dentary (Fig. 3) 

The dentary of Mayulestes is known by its hori¬ 
zontal rani us and fragments of the condyle and 
angular process. The proportions of the horizon¬ 
tal ramus compare favourably with Cladnsictis. It 
is relatively high compared to didclphids and 
Sipalocyon and is more slender than in 
Prothylacynus and Borhyaena, The anrerior part 
of the ramus (below the incisors, canine and pi) 
has a relatively straight ventral border which 
makes an angle of approximately 45° with the 
axis of the tooth row. Relow p2 and p3 the ven¬ 
tral border of the ramus i? slightly concave and 
gently convex below the molars. This morpho¬ 
logy is similar to that observed in Cladnsictis cen¬ 
tralis and Sipalocyon gracilis although less 
emphasised in these species than in Mayulestes 
ferox. Two large mental foramina occur below 
the anterior root of p2 and ihe middle of ml. A 
much smaller foramen is located below the pos¬ 
terior root of p2. Medially, the articular surface 
of the symphysis is similar in shape ro rhat of 
Sipalocyon and Cladosictis but slightly shorter 
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anteroposteriorly. Its posterior extremity is situa¬ 
ted below the posterior root of p2 while in the 
former two genera ir is below the anterior root of 
p3 (it is sometimes below p2 in Sipalocyon). The 
articular surface is less rugose than in Sipalocyon 
and Cladosictis. As in daose genera, the articular 
surface is roughly parallel to the plane of the 
horizontal tamus below rhe molars while in 
didelphids it is at Sri angle of approximately 20°. 
The mylohyoid groove is well marked and ends 
anteriorly below ml. 

POSTCRANIAI. SKELETON 
Atlas (Fig. 10) 

The atlas lacks the ventral arch (the intercen¬ 
trum of rhe atlas) which was not fused to the rest 
of the vertebra and was lost prior to fossilization. 
The dorsal arch is long anteroposteriorly in its 
dorsomedial part (5.5 mm) and short ventrolate- 
rally, above the transverse process (3.2 mm). In 
this respect, the dorsal arch of the atlas of 
Mayulestes resembles more that of Borbyaena 
than those of Cladosictis, Sipalocyon and 
Prorbylacynus. This condition is also present in 
Pucadelphys (Marshall & SigogneaU-Russell 
1995) but less marked. The dorsal arch of the 
adas of Mayulestes has strongly convex anterior 
and posterior edges and the anterior is clearly 
recurved vcntrally in its median region. Strongly 
convex anterior and posterior borders of the dor¬ 
sal arch are also found in Borbyaena while it is 
either straight ot concave in Prothylacynus, 
Cladosictis , Sipalocyon , Didelphts and Thy/acinus. 
in Borbyaena , however, the anterior border of the 
arch is not recurved ventrally. The dorsal arch of 
Mayulestes is wide transversally and the neural 
canal is almost twice as wide than high as obser¬ 
ved in Didelpbis. ft differs in this respect from 
the other borhyaenoids where the dorsal arch is 
shorter transversally and where the neural canal 
is only slightly wider than high. This condition 
is unknown in Pucadelphys. On the. lateral extre¬ 
mities of the anterior and posterior edges of the, 
dorsal arch there are deep grooves (the posterior 
grooves are deeper rhan the anterior grooves) for 
the passage of the first cervical nerve and the ver¬ 
tebral artery anteriorly, and a ramification of rhe 
latter posteriorly. The condition of Mayulestes is 
different from that of all the other borhyaenoids 


for which the atlas is known. In Borbyaena the 
anterior groove is present but the posterior is lac¬ 
king. In Prothylacynus, Cladosictis and Sipalocyon, 
the anterior sulcus is closed in an interverrebral 
foramen (or atlantal foramen) and the posterior 
is absent. The absence of the posterior sulcus in 
the Santa Cruz borhyaenoids is probably a 
consequence of the presence of a small transverse 
foramen, a structure absent in Mayulestes. An 
intervertebral foramen is also found in Didelphts 
and Tbylacinus hut is absent in M arm os a, 
Perametes and Monodelpbis. J he condition obser¬ 
ved in Mayulestes is similar to that observed in 
Pucadelphys , a Palaeocene didelphoid which has 
neither intervertebral nor transverse foramina 
(Marshall & Sigogfieau-RuSSell 1995). 

The transverse processes or wings of the atlas are 
partially broken in the specimen described here, 
but it is dear that they were Smaller lhan those 
of die other borhyaenoids. In Mayulestes the pro¬ 
cesses are strongly constricted ar their bases- 
becausc of the depth of the arterial grooves. On 
the ventral border of the right transverse process 
(which is better preserved than the left one), ar 
its base, is an anteroposterior groove which was- 
transmitting the vertebral artery posteriorly to 
the axis. 

The anterior articular facets with the occipital 
condyles are more opened anteriorly ( i.e. they 
arc facing more anteriorly than medially) than in 
the other borhyaenoids where they are facing 
more medially than anteriorly. This condirion is 
also found in Didelpbis and Tbylacinus. The pos¬ 
terior articular facets with the axis are simply 
reniform and similar to those of Didelpbis. They 
are much less concave than the occipital facets. 

Axis (Fig. 11) 

The most spectacular feature of the axis is the 
size of its exttemely long, triangular-shaped spi¬ 
nous process- It is fairly similar to those of 
Borbyaena , Prothylacynus and Cladosictis but 
clearly differs from the highly specialised process, 
of Didelpbis (Didelpbis has cervical vertebrae 2 to 
,5 with transversely thickened spinous processes 
which tend to synostose with each other). It is 
much longer anteroposteriorly than in 
Pucadelphys and any other didelpliid. The dorsal 
edge of the spinous process of the axis of 
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Fig, 10. — Mayuiestes ferox, holotype (MHNC 1249). Atlas: A, anterior: B, dorsal; C, posterior views, Scale bar: 5 mm 


Mayuiestes is very convex anteriorly' and almost 
straight in its posterior nvo thirds. The postero- 
ventral edge is straight and oblique and forms an 
angle close to 35° with the dorsal edge. The 
anteroventr-al edge is regularly concave and 
passes to the anterior border of the pedicles of 
the neural arch which contact the body of rhe 
axis in 3 point more posterior than in other 
borhyaenoids. Anteroposteriorly, the pedicles are 
proportionally shorter and the whole neural arch 
is located in a more posterior position than in 
Borhyama , Prothy/aiynus and Cladosictis: in dor¬ 
sal view the visible portion of the anterior part of 
the body (mainly the portion corresponding to 
the centrum of the arias) is larger, and in ventral 
view the visible portion of the neural arch is also 
larger. The postzygipophysial facets are more 
widely separated than in Borhyaentt and the neu¬ 
ral canal is proportionally much larger. Ventrally 
to the postzygapophyses, the transverse processes 
are divided into a large dorsal portion and a 
small ventral ridge. As a consequence, the trans¬ 
verse foramen is opened latetally and the dorsal 
transverse processes overhang an elongated fossa 
(transverse sulcus) for the passage of the vertebral 
artery. As in Pucadelphys , there is no transverse 
foramen, contrary to the condition of Borhyama, 
Prothylacynus, Cladosictis, Didelphis and 
Thylacinus, 

The atlantal and axial’ component of rhe axis are 
coossified and their suture is observable on the 
ventral surface of the vertebra as an elevated 
transverse ridge. The centrum of the vertebra 
(composed of the centrum of rhe atlas, anterior¬ 
ly, fused to the centrum of rhe axis, posteriorly') 
is wide and relatively shorter than in the other 


borhyaenoids. Anterior!}’, it bears a small odon¬ 
toid process between die two anterior articular 
facets for the atlas, all three similar in propor¬ 
tions to those of Borhyaena. On the ventral face 
of Lhe centrum arc two deep fossae for the 
attachment of the longus colli muscle, an impor¬ 
tant depressor of the head. 1’he fossae occupy 
the total width of the body posteriorly and 
slightly narrow anteriorly, where the body is 
wider because of the anterior articular facets (the 
body of the atlas). I "he apices ol rhe fossae are 
rounded and almost reach the base of the odon¬ 
toid process. The fossae for rhe longus colli are 
more developed than in Borhyaena ; where they 
are triangular and narrow anteriorly, and in 
Prothylacynus, where they do nor reach the base 
of the odontoid process. The longus colli fossae 
am separated by a sharp median crcsr concave in 
lateral view and forming a small posterior 
tubercle projecting ventrally. The median crest 
and tubercle of Mayuiestes are less developed and 
project less ventrally than in other borhyaenoids, 
which could indicate a slightly weaker muscula¬ 
ture. The fossae are bordered anterolaterally by 
two crests for the attachment of the longus capi¬ 
tis muscle, another depressor of the head. Since 
there is no transverse foramen in Mayuiestes, 
these crests do not ex'tend laterally on the ventral 
edge of the transverse process venrrally (therefore 
ventrally to the vertebral artery), as it i§ observed 
in Borhyaena, Prothylacynus, Cladosictis, and 
Thylacinus: In May 1 dates the origin of the longus 
capitis was probably restricted to the anterolate¬ 
ral region of the ventral face of rhe centrum. 

In posterior view, rhe centrum is much lower 
than in Borhyaena, Prothylacynus, Cladosictis and 
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Fig. 11. — Mayulestes ferox, holotype (MHNC 1249). Axis: 
A, lateral: B, dorsal views. Scale bar: 5 mm. 


Thylacimts but shows a condition similar to that 
of Didelphis. The articular surface for the third 
cervical vertebra faces posterodorsall v. 

Other cervical vertebrae 

two other partial cervical vertebrae are known 
(the Pthird and the ?fifth). The Pthird cervical 
vertebra is only known by its centrum, which is 
very low and short like that of the axis. The 
rfifth cervical vertebra is better preserved but is 
missing most of the neural arch. The centrum is 
proportionally shorter than in the Santa Cruz 
borhyaenoids. its ventral surface has a weakly 
developed relief, being excavated ventrally by 
two shallow fossae for the Jongus colli muscles. It 
clearly differs from the cervical verrebtae of 
Pro thy lacy nus and Borhyaena which beat a very 
strong ventral crest with a large posterior 
tubercle (extremely thick in YPM PU 15120). 
Dorsally, the centrum presents two deep excava¬ 
tions probably related to the passage of the ven¬ 
tral spinal artery and its ramifications to the 
vertebral artery. At the base of the transverse pro¬ 
cess is a relatively large transverse foramen for 
the passage of the vertebral artery. The pedicle of 
the neural arch is short. 

Thoracic vertebrae (Fig. 12) 

Five thoracic vertebrae are known, three anterior 
and two posterior. Of the three anterior verte¬ 
brae only one is complete. It is referable to T1 or 
T2 since the prezygapophyses are facing dorso- 


niedially and the posrzygapophyses are facing 
ventrally (tangential). This condition is observed 
on Tl in Ca/urtwrys, D'ulelplm anti Phalattger, 
but on T2 in Mouodclphh and Metachirus. Since 
the first three genera are arhoreal and the last 
two are terrestrial and, given the interpretation 
given below of the mode of life of Mayulestes (at 
least partially arboreal), it is more likely that ibis 
vertebra represents the Tl. Its neural arch is very 
wide and the prezygapophyses are greatly separa¬ 
ted. J he .iiiiculat facets lace dorsoruedially and 
not dorsally a.s in the more posterior vertebrae. 
They are located in a lateral position, on rite 
anteromedial edge of the transverse process and 
not on the anterior edge of the neural arch. The 
spinous process is-long, narrow and less inclined 
posteriorly than in Borhyaena and Prothylacynus. 
Irs anterior edge is straight as in Prothylacynus 
and Borhyaena , contrary ro the condition in 
C/adosictis where it is concave anteriorly and 
where die spinous process is recurved anterodor- 
sally. The major characteristic of that vertebra is 
the shortness of the pedicle of its neural arch, 
which is shotiet than half of the length of ihe 
centrum, while it is longer in Borhyaena , 
Prothylacynus, Cladosictis and in didclphids. The 
centrum is proportionally shorter and lowei than 
in Borhyaena , Prothylacynus , and Cladosictis 
(although ro a lesser extent in this genus), The 
ventral side of the centrum hears a well marked 
crest which separates the insertions of the longi 
dorsi muscles as in Cladosictis, The condition of 
Mayulestes differs horn that of Prothylacynus and 
Borhyaena which show no crest on the ventral 
side of the centrum of the anterior dorsal verte¬ 
brae. Two other anterior thoracic vertebrae are 
known by rheir centra only. They show the same 
characteristics as the vertebra described above. 

I he last tw o thoracic vertebrae were found asso¬ 
ciated with the first five lumbar vertebrae. 
Contrary to whar is observed on the cervical and 
first thoracic vertebrae, rhe last thoracic is relati¬ 
vely much longer than in Prothylacynus anti 
Cladosictis. On the neural arch, the prezygapo¬ 
physes are oriented less dorsally than in 
Prothylacynus And rhe articular surface of the pre¬ 
zygapophyses occupies all its medial surface, 
while in Prothylacynus they are overhung by a 
strong metapophysis. In lateral view the postzy- 
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Fig. 12. — Mayulestes ferox, holotype (MHNC 1249). Anterior 
thoracic vertebra (TV 1): A, lalera!; - B, dorsal views; TV 12: 
C, lateral; D, dorsal views; T? 13-L1; E, lateral; F, dorsal views. 
Scale ban 5 mm. 

gapophyses arc longer than high, contrary to 
those of Prothylacynus which arc higher than 
long. The anterior edge of the neural spine is 
concave aiitcrodorsallv, its posterior edge is 
straight and the .spine occupies the posterior two 
thirds of the neural arch; the neural spine is the¬ 
refore slightly inclined posteriorly and the last 
two thoracic vertebrae of Mayulestes are anterior 
to the anticlinal vertebra. This condition differs 
from that of Prothylacynus where the neural spine 
of the last two thoracic vertebrae is oriented 
anteriorly (the vertebrae are posterior to the anti¬ 
clinal vertebra) and has a straight anterior edge 
and a concave posterior edge. In (act, in 
Prothylacynus , the posterior part of the neural 
arch (/.ft the neural spine and the postzygapo- 
physes) seems to have been pulled anteriorly 
when compared to the condition observed in 


Mayulestes. The anapophvses are proportionally 
longer than in Prothylacynus and hear, on their 
lateral edge, a marked ridge for the insertion of 
the longissimus dorsi and sacrocaudalis dorsalis 
muscles. This tidge is well-developed on the ele¬ 
venth thoracic vertebra of Prothylacynus 
(YPM PU 15700). The centrum is relatively 
lower dorsovcntrally than in Prothylacynus and its 
ventral surface if less rounded. 

Lumbar vertebrae (Figs 12, 13) 

Five lumbar vertebrae are known and, if one 
assumes rhat Mayulestes had six lumbar vertebrae 
as Pucadelphys, living didelphids and Cladosictis, 
ir is the last lumbar which is missing since the 
five vertebrae were found associated. Like the 
thoracic vertebrae, they are relatively longer than 
jii Prothylacynus and Cladosictis. The most 
remarkable feature of the lumbar vertebrae of 
Mayulestes is the shape and orientation of the 
neural spine. On the firsr three vertebrae, they 
are small, low', long (amcroposteriorly), oriented 
posteriorly and they occupy the posterior two 
third of the neural arch (he. their anterior edge is 
concave anterodorsally). The spinal process is 
not preserved in the fourth lumbar. The fifth 
lumbar has a short (anteroposteriorly) hut very 
high neural spine which is .slightly oriented ante¬ 
riorly and occupies the toral length of the neural 
arch. This vertebra is - very similar to that of 
Pnctidelphys. Mayulestes and Pucadelphys differ in 
the morphology and orientation of the neural 
spine from the morphology observed in the 
other didelphids, where the spine is - generally 
low and oriented posteriorly or, if anteriorly, to a 
very slight extent. In the six lumbar vertebrae of 
Cladosictis (YPM PU 15170), the neural spines 
are high, short (anteroposteriorly) and strongly 
inclined ahtetiorly, and their posterior edge is 
concave posterodotsally. The same condition is 
found in the fourth, fifth and sixth lumbar of 
Prothylacynus , although in this genus the neural 
.spine is stronger, longer (anreroposreriorlv) and 
less inclined anteriorly than in Cladosictis, On 
the holotype of Mayulestes , the transverse pro¬ 
cesses are intact on the fifth lumbar only. They 
are more slender than those of Prothylacynus and 
Cladosictis (to a lesser extent in this genus) but 
resemble those of Pucadelphys. They are propor- 
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Fig. 13. — Mayulestes terox, holotype (MHNC 1249). Lumbar 
vertebrae: L2: A. lateral; B, dorsal views; L3: C. lateral; D, dor¬ 
sal views: L4 E, lateral; F. dorsal views; L5: G, leteral; H, dorsal 
views Scale bar 5 mm. 

tionally longer (transversally) than those of 
Protbylacynus (which are almost complete on the 
fifth and sixth lumbar ofYPM PU 13700) and 
more recurved ventrally. Their bases occupy 
approximately one third of the length of the cen¬ 
trum while they occupy half of its length in 
Protbylacynus and Cladosictis. The /ygapophy.ses 
of the fifth lumbar vertebra are more everted 
than in Protbylacynus and form a conspicuous 
X-shape figure in dorsal view as observed in 
Cladosictis. As in Protbylacynus and Cladosictis, 


the anapophyses reduce from the first to ihe 
third lumbar vertebra; since they are small but 
present in the third and absent on ihe fifth they 
were either very reduced or absent on the fourth 
lumbar. The centra of the lumbar vertebrae are 
relatively slightly lower than those of 
Protbylacynus but match in this respect the 
condition observed in Cladosictis. 

Sacral vertebrae 

No sacral vertebrae arc preserved in the holotype. 
Caudal vertebrae (Fig. 14) 

Four well preserved caudal vertebrae arc known, 
two anterior and two posterior. The anterior 
caudal vertebrae are very similar to those of 
Cladosictis , Borhyaena and Protbylacynus. The 
slight differences observed cotild be related to 
their position in the tail (which cannot be defi¬ 
ned with precision — possibly Cl and C3) rather 
than to the actual morphology of rhe taxon. 
When enmpared to Caluromys, the morphology 
of the two posterior caudal vertebrae corres¬ 
ponds to C7 and G8. When compared to 
Pucadelpbys, the vertebrae correspond ro C8 and 
C9 and when compared to Cladosictis and 
Protbylacynus , they seem to correspond to Cl 1 
and Cl2. They aie proportionally more slender 
and longer than in Cladosictis and Protbylacynus. 
The ventral side of the centrum of both verte¬ 
brae differs from that of Didelphis , Calttrontys 
and, to a lesser extent, Metachmis, which bears a 
ventral sulcus lor the ventral median coccygeal 
artery. On the edges ol this sulcus attaches the 
sacroccygeus ventralis medialis muscle, a flexor 
of the tail [this sulcus does not receive the 
abductor muscles as stated by Marshall & 
Sigogneati-Russell (1995), a rerm which is inap¬ 
propriate in the case of a flexion of the tail]. In 
Mayulestes , the sulcus is present hut very weak, it 
is observable in the anterior and posterior third 
of each of the nvo posterior caudal vertebrae 
while, in the median region of rhe centrum, it is 
reduced to a flat strip, A similar condition is 
observed on C5 to C8 of Pucadelpbys andinus 
(specimen YPFB Pal 6106) and Afnuode/pbis. 
This feature shows some individual variation 
since rhe sulcus is more pronounced in another 
specimen of Pucadelpbys (YPFB Pal 6110) whose 
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Fig. 14 — Mayulestes ferox, hololype (MHNC 1249). Caudal vertebrae. C?1: A, lateral; B, dorsal views; C?3' C, lateral; D. dorsal 
views; C?8: E, dorsal view; C?9: F, dorsal view. Scale bar; 5 mm. 


C7 and C8 have been further prepared. No sul¬ 
cus is observed in Marmoset. The anterior and 
posterior transverse processes of the posterior 
caudal of Mayulestes are similar in shape and 
relative size to those of Caluromys and Puca- 
delphys. They are slightly larger and more 
blade-like than those of Didelphis , Metachirus , 
Monodelplns and Marmoset where the processes 
are more knob-like. The morphology of the pos¬ 
terior caudal vertebrae of Mayulestes denotes an 
important strength of the tail musculature that 
could be related to preherisility (see below lor 
discussion). 

Ribs (Fig. 15) 

Four ribs of the holotype of Maylidestes are 
known. Two are probably the First or second 
right and left ribs. They have a smaller tubercu- 
lum and a capitultim wider and flatter at its base 
than in Borhyaetut. One of the other two ribs 
(R8?) is a relatively anterior rib since its curvatu¬ 
re is well pronounced. It has a relatively small 
tuberculum and a long capitulum. It is regularly 
curved and does not show an angulation bet¬ 
ween the tuberculum + capitulum region and 
the rest of the bone, as it is observed in 
Borhyaena and C/odosictis. The other rib (RIO or 
11) is posterior and has a weaker curvature. Roth 
ribs were flatter than in Borhyaena and 
Cladosictis. 


Forelimb 

Scapula. (Figs 16, 17) In the following descrip¬ 
tion, the spine of the scapula will be oriented 
vertically. 

The general shape of the scapula is triangular 
and significantly differs from that of the other 



Fig. 15 — Mayulestes terox, holotype (MHNC 1249). Ribs; 
A. right R1 or 2 in anterior view; B. left R1 or 2 in anterior view; 
C, left R?8 in posterior view; D, right R10 or 11 in posterior view. 
Scale bar; 5 mm. 
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borhyaenoids, Metachirus , Philander and 
Didelphis which is roughly oval-shaped or qua¬ 
drangular; it shows important .similarities with 
those ol Caluromys and Monodelphis. In 
Mayulestes, the anterior edge of the scapula (i.e. 
of the supraspinatus fossa) presents a marked 
angulation (almost a right angle) when it is regu¬ 
larly convex in other borhyaenoids. The ante¬ 
riorly protruding supraspinatus fossa of 
Mayulestes is very similar to those of Monodelphis 
and Caluromys (although a little more rounded 


in rhis genus). The posterior border of the sca¬ 
pula (i.e. of the infraspinatus fossa) is slightly 
concave as in Caluromys and is oriented postero- 
dorsally, whereas it is convex in the other 
borhyaenoids and in Didelphis , and straight in 
Pucade/phys. 

The supraspinatus lossa is much wider antero- 
postcriorly in its middle region than the infraspi¬ 
natus fossa but is slightly shorter proximodistally. 
Its surface is a little superior to that of the infras¬ 
pinatus fossa as observed in Caluromys. Both fos- 



Fig. 16. — Mayulestes ferox, holotype (MHNC 1249). Right scapula: A, lateral, B, medial, C, proximal views Scale bar: A, B, 1 cm; 
C, 5 mm. 
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Fig. 17. — Mayulestes ferox, holotype (MHNC1249). Right scapula: A. lateral; B, medial; C, proximal views. Abbreviations: ac, acro¬ 
mion; cp, coracoid process; gc, glenoid cavity; hp, hamatus process; It, infraspinatus fossa; n. neck; sf, supraspinatus fossa; 
shp, suprahamatus process: sp sp ne; sscf, subscapular fossa; si, supraglenoid tubercle. Scale bar: 1 cm 


sac are very narrow in their proximal part and 
less extended anteroposteriorly than in the other 
borhvaenoids and Did cl phis. The supraspinatus 
Fossa is much narrower in its proximal portion 
than in the Santa Cruz borhyaenoids where its 
anteroproximal border strongly protrudes ante¬ 
riorly. The morphology ol the scapula of the 
Santa Cruz. borhyaenoids is also present to a les¬ 
ser extent in Didelphis while Pucndelphys 
resembles Mayulestes in this respect, The supras- 
pinatus Fossa is relatively shallow while the 
infraspinatus fossa is very deep, with its posterior 
border strongly deflected laterally, a condition 
common in the other borhyaenoids whose sca¬ 
pula is known, 

The infraspinatus fossa is narrow and widens 
moderately toward its distal end contrary to the 
condition of Prothyhuynus and Borhyacna. When 
the spine is oriented vertically, the highest point 
of the scapula is located almost at the postero- 
dorsal angle of the Infraspinatus fossa as in 
Caluromys, while in Chtdosictis , Didelphis, 
Metachirus and Marmosa it is located at the dor¬ 
sal extremity of the spine or at the same level as 
the angle. The posterodorsal angle of the scapula 
receives the origin of the teres major posteriorly 
and the insertion ol the rhomboideus anteriorly. 
As in Caluromys the spine is more elevated than 
in the other didelphids. It is slightly deflected 


posteriorly and its lateral edge is convex in ante¬ 
rior view. flic acromion is large and forms a tri¬ 
angular plate which hears a long anterior process, 
the hamatus process, and a short posterior pro¬ 
cess, the suprahamatus process (the paracro- 
mion), located behind the anterior process. Since 
it is very’ chin and fragile, it is generally lost in 
fossils; it is broken in all the borhyaenoids speci¬ 
mens described by Sinclair (1906). In anterior 
view the acromion of Mayulestes is flat and the 
apex of the hamatus process is slightly bent 
medially. It is similar to that of Caluromys but it 
differs from that ol Didelphis where the hamatus 
process is shorter and less individualised. In 
Pucndelphys , the acromion also has a long hama- 
tus process but the whole structure is smaller 
than in Mayulestes. In medial view, the ventral 
extremity of the acromion is visible below the 
glenoid fossa.as in Pucndelphys [although this is 
not shown on figure 36 of Marshall & 
Sigogneau-Russell (1995), it is clear in the fur¬ 
ther prepared right scapula of YI’FB Pal 6106 
(Fig. 18)], Marmosa and Caluromys (to a lesser 
extent), contrary to Didelphis where the acro¬ 
mion does not extend venrrally below the gle¬ 
noid fossa. In lateral view, the hamatus process 
overhangs anteriorly the supraglenoid tuberosity 
and, in proximal view, the anterior apex of the 
hamatus process is slightly anterior to the cora- 
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'Fig. 18. — Pucadelphys andmus (YPFB Pal 6106), Right sca¬ 
pula: A, lateral: B, medial; C. proximal views. Scale bar: 5 mm 

coid process. This condition is similar to that 
observed in Caluromys while in the other didcl- 
phids the anterior apex of the hamarus process is 
posterior to the anterior edge of the supraglenoid 
ruberosity. The condition in Pucadelphys is close 
to thar obsetved in Mayulestes but the acromion 
is slightly less anterior than in Mayulestes and 
apparently relatively slightly larger (Fig. 18). The 
lateral side of the acromion bears part of the ori¬ 
gin of the deltoideus muscle and, on the anterior 
border of the acromion, is inserted the atlantoa- 
cromialis muscle (=, omotransversatius muscle 
pro pane). 

The neck is the portion of the scapula located 
above the glenoid fossa at the level of the supra- 
coracoid incisure, also called the scapular notch 
(which marks the ventral extremity of the supras- 
pinatus fossa). It is long, narrow and well mar¬ 
ked as in Caluromys and Pucadelphys, contrary to 
what is observed in the other borhyaenoids and 
Didelphis, 

The head is small and bears an anteroposteriorly 
elongated glenoid cavity. It is more flattened 
transvcrsally than in Cladosictis , Bor hyaena, 
Prothylacynus and Thylacinus , but less than in 
Didelphis. The coracoid process is a small apo¬ 
physis of bone strongly recurved medially, where 
the coracobtachialis muscle originates. The cora¬ 
coid process of Mayulestes is longer, more slender 


and mote tecufved medially than in Borhyaena , 
Prothylacynus, Cladosictis , Pucadelphys and 
Didelphis. As in Cladosictis , it is not well separa¬ 
ted from rhe supraglenoid tubercle, contrary to 
what is observed in Thylacinus and, to a lesser 
extent, in Didelphis. As in Caluromys. Metachints 
and Marmoset, the coracoid process extends ven¬ 
tral !y further than the supraglenoid tubercle, 
contrary to the condition observed in Pucadcl- 
phys and Didelphis [Marshall &t Sigogneau- 
Russcll (1995, fig. 36) have confused the 
coracoid process and the supraglenoid tubercle 
or tuber scapulae]. The supraglenoid tubercle 
bears the origin of the biceps brachii muscle, a 
powetful flexor of the elbow. On the medial side 
of the scapula, just dorsal to the posteromedial 
extremity of the glenoid cavity', is a shallow fossa 
for the origin of the caput longum of the triceps 
brachii muscle. That muscle attachment is relati¬ 
vely weak when compared to Didelphis or Thyla¬ 
cinus. However, the weakness of this attachment 
seems to he common in borhyaenoids since it is 
also little developed in Borhyaena- Prothylacynus 
and Cladosictis. 

On the medial side of the scapula, the subscapu- 
laris fossa reflects the relief of the lateral side of 
the bone, b is strongly convex in its posterior 
region corresponding to the infraspinatus fossa 
while rhe relief is moderate in the anterior 
region. In the dog {Evans & Christensen 1979), 
the suhscapularis fossa receives the insertion of 
the serratus vcntralis muscle in its proximal rhird 
and the origin of the subscapularis muscle in its 
two distal thirds. The subscapulari.s is inserted 
on the lesser tubercle of the humerus and the 
serratus vcntralis originates on the transverse 
processes of the last five cervical vertebrae. In 
Didelphis , the latter arises from the transverse 
processes of the last four or five cervical vertebrae 
(Jenkins & Weijs 1979). 

Humerus. (Figs 19, 20) Both humeri of the 
holotype of Mayulestes arc known. They show a 
significant difference in didr length and propor¬ 
tions of then proximal epiphysis, although no 
pathological deformation can be observed. This 
variation is probably the consequence of a slight 
post-mortem deformation of the bones since the 
right humerus has been slightly' compressed 
anreroposteriorly in its proximal half, squeezing 
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Fig. 19. — Mayulestes ferox, holotype (MHNC 1249). Right humerus: A, anterior; B, posterior; C, lateral; D, medial; E, proximal 
views. Scale bar: A-D, 1 cm; E, 5 mm. 
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Fig. 20. — Mayulestes ferox, bolotype (MHNC 1249). Right humerus: A, anterior: B, lateral: C, posterior; D. medial views. 
Abbreviations - bg bicipital groove; c, capilulum: dpc, deltopectoral crest; dt, deltoid tuberosity; ec, eplcondyloid crest; ef, entepicon- 
dylar foramen; gt, greater tubercle; h, head; |e. lateral epicopdyle: II. lesser tubercle; me. medial epicondyle; of, olecranon fossa; rf, 
radial fossa; t, trochlea; tl, Iricipila! line; ttm, luberosity for the teres major. Scale bar: 1 cm. 


the epiphysis and the bicipital groove. The left 
humerus, which seems to have suffered very little 
(if any) deformation, will be referred to in the 
following description and comparison. The bone 
will be described vertically. 

In proximal view, the proximal epiphysis is rela¬ 
tively shorter anteroposteriorly than in the gene¬ 
ra used for comparison in this study (other 
borhyaenoids, didelphids and Thylacinus). The 
condyle for articulation with the scapula (the 
head) is slightly wider than long in Mayulestes as 
in Pucadelphys (Figs 21, 22), while in 
Prothylacyntii it is as long as wide. In Caluromys, 
Chironectes, Didelpbis, Monodelphis and 
Marmosa it is slightly longer than wide, and in 
Metachims it is much longer than wide. In lateral 
view, the condyle has a posteroproximal orienta¬ 
tion. However, the proximal component of this 
orientation is more important than in 
Pro thy lacy ntts, Cladosictis and Didelpbis, whose 
condyle seems to be more “recurved" posteriorly. 
This is especially dear in the shape of the poste¬ 
rior side of the shaft just below the condyle, 
which is strongly recurved and directed distally 
in ProlhylaLynus, Didelpbis and Thylacinus , while 
it is oriented posteroproximally in Mayulestes. 


This condition is also clearly observable in poste¬ 
rior view of the humerus where the visible por¬ 
tion of the condyle is much more reduced in 
Mayulestes and Caluromys than in the other 
borhyaenoids and didelphids. In fact, the orien¬ 
tation of the condyle of Mayulestes resembles 
more that of Caluromys than any other genus. 
The greater tubercle is slightly lower than the 
condyle as in Didelpbis and Caluromys , while in 
Prothylacyntis it is slightly higher and in 
Thylacinus it is much higher. In proximal view 
the greater tubercle is elongated, rnore than 
twice longer titan wide and obliquely oriented. 
In these respects-, it is similar to those of 
Prothylatynus , Caluromys and Didelpbis, hut dif¬ 
fers from that of Thylacinus which is very chick 
and massive. The greater tubercle of Mayulestes 
is, however, more oblique and less salient ante¬ 
riorly than those of Prothylacynus and Thylacinus 
where it greatly extends anteriorly, well beyond 
the leSser tubercle. The lesser tubercle is rounded 
and separated from the condyle by a snlcus. It is 
relatively salient anteriorly and laterally and 
almost reaches the level of the greater tubercle 
anteriorly. It is fairly similar to those of 
Pucadelphys , Didelpbis and Caluromys but clearly 
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differs from chat of Prothylacynus which is elon¬ 
gated, obliquely oriented, appressed against the 
condyle, and which remains far behind the grea¬ 
ter trochanter anteriorly. These conditions of 
Prothy lacy inus are observed in the dog, a terres¬ 
trial cursorial carnivoran. 

The bicipital groove is well marked and faces 
anteromcdially. It extends on the anterior side of 
the shaft of the bone where it is deeper than in 
Prothylacynus , Caluromys and Didelphis. Laterally, 
below the greater tubercle, on the proximal 40% 
of the length of the shaft, there is a sharp and 
elevated cricipital line. It is more developed and 
more salient laterally than in Prothylacynus and 
Didelphis, where it is very weak, but resembles 
that of Pucadelphys which is very prominent. 

On the anterior side of the proximal wo thirds 
of the shaft, the deltopectoral crest runs distally 
from the anteromedial angle of the greater 
tubercle on approximately 60% of the length of 
the bone. The deltopectoral crest is relatively 
narrow, salient and slightly concave laterally, It 
resembles those of Didelphis and Caluromys but 
differs from that of Pucadelphys which is shorter, 
and from thar of Prothylacynus which is much 
thicker and straight; the latter features are even 
more pronounced in Thylncintts. The deltopecto¬ 
ral surface, limited by the deltopectoral crest 
anteriorly and the tricipital line posteriorly, is 
relatively wide and concave and (aces more ante¬ 
riorly than laterally. In these respects it resembles 
that of Pucadelphys and living didclphids but dif¬ 
fers from those of Prothylacynus and Thylacimts 
which are narrow, flat or convex and face more 
laterally than anteriorly. On the anterior border 
of the tricipital line, on its proximal half, is a 
very salient crest oriented laterally and which 
receives the origin of the caput lateralis of the tri¬ 


ceps brachii. This tricipital crest approaches the 
condition observed in Pucadelphys and 
Alonodelphis, although ir is slightly less salient in 
these genera. It differs from those of 
Prothylacynus, Didelphis and Thylactnus which 
are much weaker. 

On the medial side of the proximal third of the 
diaphysis, below the lesser tubercle, is a relatively 
weak tuberosity for the teres major muscle as in 
Didelphis, and the fossa posterodistal to the lesser 
tubercle is small and shallow. That region of the 
humerus of Mayulestes strongly differs from that 
of Prothylacynus where the tuberosity for the 
teres major is very large and salient, and forms a 
sharp crest which tuns proximally towards the 
lesser tubercle and forms a deep fossa located 
distally to the posterolateral angle of the lesser 
tubercle and the posteromedial side of the 
condyle. Laterally, the fossa is limited by a wide 
and rounded ridge which runs distally from the 
posterior edge of the condyle along the proximal 
half of the posterior side of the diaphysis. On the 
proximal extremity of the fossa and the ridge is 
located the origin of the accessory head of the 
triceps which was very strong in Prothylacynus. 
Since in Mayulestes the relief of the attachments 
ol this muscle was intermediate between those of 
Didelphis and Caluromys on the one hand and 
Pro thy lacy nits on the other hand, it is likely that 
ihe muscle was stronger than in the former but 
much weaker than in the latter. 

The distal extremity ol the humerus is markedly 
flattened anteropostenorly and plate-like -as in all 
the borhyaenoids and didelphids. The cpicondy- 
loid crest is very large and extends along about 
30% of the diaphysis; its proximal extremity 
reaches a point, on the shall, lateral to the distal 
extremity of the deltopectoral crest as in 
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Prothylacynus. This point of the shaft is located 
more proximally than in Prothylacynus. In 
Cladosictis, the distal extremity of the deltopccto- 
ral crest is in a far more distal position than in 
Prothylacynus and Mayulestes and reaches the dis¬ 
tal quarter of the hone; in this genus, the proxi¬ 
mal extremity of the epicondyloid cresL is located 
more proximally than the distal extremity of the 
deltopecioral crest. In Mayulestes the proximal 
extremity of the epicondyloid crest has a regular 
concavoconvex contact with the diaphysis as in 
Cladosiciis , Metachirus and Marntosa and is not 
recurved anteriorly; it differs from the condition 
of Prothylacynus , Pncadelphys , Didelphis and 
Caluromys whose epicondyloid crest is limited 
proximally by a marked notch and recurved 
anteriorly in that region. 

On the media) side of the humerus, the entepi- 
condyle is very long and strongly projected dis¬ 
co in c ci i a 11 y, more than in Prothylacynus, 
Cladosiciis and much more than in Didelphis and 
Caluromys. It resembles the condition observed 
in Pncadelphys. Ir almost reaches the level of the 
media) crest of the trochlea distally (Fig, 22) as 
in Pncadelphys , contrary to the condition obser¬ 
ved in Prothylacynus and most living didelphids. 
Its apex, where the flexors of the carpus and 
digits originate, is rounded and subcircular as in 
Prothylacynus and Pncadelphys and not elongated 
and oval-shaped (in proximodistal view) as in 
Didelphis -And Caluromys. The ridge of bone that 
units the distal extremity of the deltopectoral 
crest with the apex of the entcpicondylc and 
passes above the entepicondylar foramen is more 
salient anteriorly than in Didelphis , Caluromys , 
Prothylacynus and Cladosiciis, which contributes 
ro give a more twisred aspect to that part of the 
humerus of Mayulestes than in the genera cited 
above. Mayulestes resembles Pncadelphys in this 
respect. On the anterior side of the hone, just 
proximal ro the capitulum, is a radial fossa dee¬ 
per than in Prothylacynus , Cladosiciis, Didelphis 
and Caluromys. 

The entepicondylar foramen is large and oval¬ 
shaped. It is proportionally similar in size and 
shape to those of Prothylacynus, Cladosiciis , 
Didelphis and Caluromys. The groove for the pas¬ 
sage of the median artery (the internal articular 
sulcus of Osgood 1921), located between the 



Fig, 22. — Pucadelphys andinus (YPFB Pal 6106) Lett hume¬ 
rus; A anlerior; B, posterior; C, medial; D, lateral, E, proximal 
views. Scale bar; 5 mm. 


medial border of the trochlea and the lateral 
edge of the epicondyle, is deeper than in 
Didelphis, Caluromys and Cladosictis but 
resembles that of Prothylacynus. On the posterior 
side of the bone, the olecranon fossa is' much 
shallower than in Prothylacynus , Cladosictis and 
Didelphis hut a little deeper dran in Caluromys 
where ir is very shallow. In posterior view, the 
trochlea has relatively well marked crests as 
observed in Didelphis, bur not as sharp and 
salient as in Prothylacynus. As in Didelphis, the 
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Fig. 23, — Mayulestes ferox, holotype (MHNC 1249). Left ulna. A anterior; B, lateral; C, medial views. Scale bar: 1 cm. 


trochlea of Mayulestes is deeper than in 
Prothylacynus-, it greatly differs from the trochlea 
of Caluromys which is wider, deeper and has 
lower crests than in Mayulestes. The capitulnm is 
more salient and convex than in Prothylacynus 
and Cladosictis , less than in Caluromys and 
Pucadelphys, but resembles that of Didelphis. In 
Prothylacynus the capitulum is less elongated 
transversely, longer proximodistally and, as a 
whole, more rounded. The distal articular surfa¬ 
ce of Pucadelphys differs from that of Mayulestes 
in its slightly narrower trochlea with a lower 
medial crest and its wider capitulum. 

Ulna. (Figs 23, 24) The hone is notably short, as 
are those of Borhyaena, Prothylacynus and 
Cladosictis , and differs from the longer ulnae of 
Thylacinus , Didelphis and Caluromys. The proxi¬ 
mal half of the hone is markedly recurved ante¬ 
riorly as in Pucadelphys (Fig. 25). It strongly 
differs from those of Prothylacynus and 
Cladosictis , which have a globally straight ulna 
with a posterior border concave in its middle 
third, and from those of Borhyaena and Tbyla- 
cinus, which are bent posteriorly. It resembles the 


condition observed in Caluromys but differs from 
that of Didelphis where the proximal extremity is 
only slightly bent anteriorly. 

In anterior view, the olecranon and the articular 
area are markedly deflected medially as it is 
observed, to a lesser extent, in Borhyaena, Puca¬ 
delphys and Didelphis but contrary to Prothy¬ 
lacynus, Cladosictis, Thylacinus and Caluromys. In 
lateral view, the posterior and proximal edges of 
the olecranon of Mayulestes form an angle of 
more than 120°. It resembles that of Caluromys 
where the angle is smallet but clearly greater 
than 90°. It differs from those of Borhyaena , 
Prothylacynus, Cladosictis, Thylacinus, Didelphis, 
Chironectes, Metachirus and Caluromys which 
almost form a right angle, sometimes a little less 
than 90“ as in Borhyaena, or a little more, as in 
Didelphis. The condition of Marmosa and 
Pucadelphys is close to that of Mayulestes. In ante¬ 
rior view, the olecranon is long as observed in 
Borhyaena , Prothylacynus , Cladosictis and 
Thylacinus. It is slightly longer dian in Didelphis, 
Caluromys and Chironectes. The medial side of 
the olecranon and proximal half of the shaft bear 
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Fig. 24. — Mayulestes terox, holotype (MHNC 1249), Left ulna: A. medial: B, anterior; C, lateral views. Abbreviations: bo, beak of 
the olecranon, brf, brachlalis fossa; cop, coronoid process; ccl, crest for attachment of the posterior and transverse part of the ulnar 
collateral ligament, tap, fossa for the abductor pollicis longus and extensor indicius propius; HI, fossa for the flexor digitorum profun¬ 
dus; ioc, interosseous crest; o, olecranon; prr, pronator ndge; rdn, radial notch; sp, styloid process; spc, supinator crest; spf, supi¬ 
nator fossa: stecu, sulcus for the tendon of the extensor carpii ulnaris; trn, trochlear notch. Scale bar: 1 cm, 


a very deep fossa for the flexor carpii ulnaris and 
flexor digitorum profundus. That fossa is much 
deeper than in any of the three borhyaenoid 
compared here to Mayulestes (although Prothy- 
lacymts has a deeper fossa than Cladosictis and 
Borhyaena). The fossa of Mayulestes is also deeper 
than in Didelphis but approaches the condition 
observed in Caluromys and Mamtosa. The flexor 
fossa is limited posteriorly and proximally by an 
extremely strong crest for the atrachment of the 
posterior and transverse parts of the ulnar colla¬ 
teral ligament. 

In medial view, the trochlear notch (= greater 
sigmoid cavity = articular surface for the hume¬ 
rus) is relatively wide open (in medial view) and 
shallow as in Caluromys (although to a greater 
extent than in this latter genus). It differs from 
Borhyaena , Prothylacynus, Thylacinus, Cladosictis , 
Didelphis, Chironectes and Metdchirus, where the 
trochlear notch is very deep. Conclave and less 
open (although this is less marked in Cladosictis ), 
but strongly resembles the condition observed in 


Caluromys. In anterior view, the beak of the ole¬ 
cranon (the proximal crest of the trochlear 
notch) is less salient dian in the other borhyae- 
noids but more than in Caluromys ; it approaches 
the condition of Didelphis . Its width is greater in 
Mayulestes than in didelphids but resembles in 
this respect the condition observed in other 
borhyaenoids. The coronoid process, the medial 
extension of the distomedial portion of the tro¬ 
chlear notch, is large and oriented mediodistally. 
It differs from that of the Santa Cruz borhyae¬ 
noids which is stronger, longer and protrudes 
medially. Among didelphids, it resembles that of 
Caluromys in this respect and differs from those 
of Pucadelphys, Didelphis and Metachirus. The 
radial notch (= lesser sigmoid cavity = articular 
surface for the radius) is located distal and lateral 
to the trochlear notch (articular Surface for the 
humerus) and faces anterolaterally. The line of 
contact between the humeral and radial surfaces 
has an anteromedial-posterolateral orientation. It 
is a low ridge anteromedially and it is flat and 
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continuous posterolaterally. In other words, the 
radial and humeral facets have an angular 
contact anreromedially and a Hat contact postc- 
rolaterally. In the other borhyacnoids and in 
Thylacinus. the radial notch is always separated 
from the trochlear notch by a sharp crest antcro- 
medially and by a small ridge postcrolaterally 
(i.e. the angle between the two articular surfaces 
is more pronounced). In Prothylacynus , Borhy- 
aenn and Thylacinm the angle between the ante¬ 
romedial contact of both articular surfaces (in 
anterior view) is equal to or smaller than 90°; it 
is more than 120* in Mayulestes. In the 
Didelphidac the angle varies around 90* but can 
be close to 120° in Some specimens of Didelpbis 
or more in- Caluromys. The radial notch is shal¬ 
low and does not CxCavUte the anterolateral face 
of the ulna as in the Santa Crltz burhyaenuids 
and Thylacinus. It is roughly triangular and not 
divided into two portions by a proximal 
inflexion of its distal border as observed in the 
other borhyacnoids and Thylacinus. In Mayit- 
lestes and Ciiluromyi , this articular surface is 
almost parallel to the diaphvsis, but, contrary to 
what is observed in Mayulestes, the medial part 
of the radial notch in Calummys is not in contact 
with the. trochlear norch antcromcdially. 

Distal to the eoronoid process on the anterome¬ 
dial side of the ulna is a well-developed laterally 
oriented fossa, for the insertion of the brachialis 
and biceps muscles. It differs from that of didcl- 
phids which is slightly larger and faces anteriorly. 
On the anterior face of the diaphy.sis, laterally, is 
a well marked supinator crest which runs distally 
from the lateral edge of the radial articulation. 
Between this crest and the lateral bordei of the 
brachialis fossa is an- elongated depressed area 
facing anterolarerally. This fossa and the supina¬ 
tor crest probably represent the origin of the 
supinator (= supinator brevis). This muscle is 
absent in Didelpbis (Coues 1872) and probably 
also in the other living didelphids since none ol 
them has a true supinator crest and fossa. In 
didelphids, the supination function is performed 
by the brachio radial is. In Cladusirtis,. the supina¬ 
tor crest is present but smaller than in Mayulestes 
and this structure is even smaller in ProthyLnynus 
and Thylacinus. it is absent in Borhyacna. 

On the anterolateral edge of the shaft is a robust 



Fig. 25- — Pucadelphys andinus, holotype (YPFB Pal 6105) 
Left ulna: A, anterior; B, lateral; C, medial views. Scale bar: 
5 mm. 


interosseous crest which is in continuity with the 
supinator crest. It is more salient than in 
Didelpbis , Metachirus and Borhyacna where it is 
fairly rounded. It is clearly not as shaqi as in 
Caluromys hut approaches the condition of 
Prothylacynus. On the lateral side ol the shaft is 
an elongated depression, relatively deep in the 
middle third ol the shaft hut becoming shallower 
in its distal extremity. This area corresponds to 
the origin of the abductor pollicis longus and 
probably to the extensor indicus proprius [the 
cxtcns'or pollicis longus is absent in Didelpbis 
(Cones 1872) and probably in didelphids in 
general]. The lateral fossa of the ulna of 
Mayulestes is deeper than in most of rhe living 
didelphids. except Calwomys where the fossa is 
more pronounced. The condition of Mayulestes 
is similar to those of Prothylacynus and 
ClitdasiclB but clearly differs from those of 
Borhyacna and Thylacinus where the fossa is very 
reduced. 

On tire medial side of the distal quarter of the 
diaphysis is a well-developed crest for the origin 
of the pronator quadrarus. It is sharper than in 
the Santa Cruz borhyacnoids and approaches the 
condition observed in Pucadelphys and some 
living didelphids ( Didelpbis, Monodelphis). On 
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Fig. 26 — Mayulestes ferox, holotype (MHNC 1249) Led 
radius: A, anterior: B, posterior C, lateral; D, medial; E, proxi¬ 
mal; F, distal views. Scale bar: A-D, I cm: E-F, 5 mm. 

the anterolateral side of: the distal extremity of 
the diaphysis is a shallow groove which extends 
on the epiphysis and probably received the ten¬ 
don of the extensor carpii ulnaris. This structure 



Fig. 27. — Mayttlostes ferox. holotypo (MHNC 1249). Left 
radius: A anterior, 9, posterior views. Abbreviations: bt, bicipital 
tuberosity, ptapl, passage of the tendon lor the abductor pollicrs 
longos; sp, styloid process: steer, sulcus lor the tendon of the 
extensor carpii radialis: stedc sulcus lor the tendon ot the 
extensor digitorum communis; uf. ulnar facet. Scale bar; t cm. 

Is absent in Cladosictis , Borhyaena and 
Thylacinus. It is well-developed in Protbylacynus, 
Didelpbis and Caluromys. 

The styloid process ol the ulna of Mayulestes is 
small, regularly^ conical and flattened anteropos- 
teriorly. It differs from those of the other 
borhyacnoids which are more rounded and bear 
a clear anteromedial notch. 

Radius. (Figs 26, 27) The bone is short as the 
ulna and markedly recurved posteriorly like 
those of Prolhylacynus, Cladosictis , Thylacinus, 
Didelpbis and Caluromys, buf differs from that of 
Borhyaena which is relatively straight. As preser¬ 
ved, the humeral facet is strongly oval-shaped 
(almost twice longer than- wide) and resembles 
those of Cladosictis, Borhyaetia and Thylacinus 
but differs from the humeral facets of 
Prolhylacynus , Didelpbis and Caluromys which 
tend to be less elongated trans'vcrsally. However, 
it is likely that the anterior border of die articu¬ 
lar facet has been slightly eroded (and perhaps 
anteroposteriorly compressed) during fossilisa- 
tion. Therefore, it is probable chat the humeral 
articular facet of rhe radius of Mayulestes was 
slightly less transverse than what is actually 
observed on the only known radius of 
Mayulestes, possibly approaching the condition 
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of the living didelphids. The ulnar facer is very 
short proximodistally, It is shorter than in 
Pro thy lacy it us , Cladosictis and Borhyacna and 
much shorter than those of Didelphis and 
Caluromys. The bicipital tuberosity is weak; it is 
smaller and located further distally on the shaft 
than in Borhyacna and Cladosictis but resembles 
the condition of Pr/ithyLlrynus. On the lateral 
edge of the distal hall of the shalt is a conspi¬ 
cuous ridge limited by shallow grooves anteriorly 
and posreriorly and where the radial part of the 
origin of the abductor pollicis longus probably 
inserted. This ridge is better marked than in 
Borhyacna , Cladosictis , Thy/acinus and Didelphis 
but considerably weaker than in Prothylacynus 
and Caluromys. In the latter, it cxrends as a very 
thin and salient blade from the distal border of 
the bicipital tuberosity (a little more distal in 
Prothylacynus) to the lateral side of the distal 
extremity of the shaft'. 

The distal epiphysis bears a well-developed sty¬ 
loid apophysis which is better individualised 
than in Borhyacna and Cladosictis and larger than 
in Didelphis and Caluromys. It roughly resembles 
that of Prothylacynus. On the anterior side of the 
distal epiphysis, latctal to the styloid process, are 
two shallow grooves for the passage of the ten¬ 
don of the extensor carpi mdialls medially and 
extensor digitorum communis laterally.. The 
medial side of the styloid process is a flat area 
that transmitted the tendon for the abductor 
pollicis longus. Those structures are better indi¬ 
vidualised than in the other borhyaenoids but a 
little less than in Didelphis ; their development is 
similar to that observed in Caluromys. In distal 
view of the hone, the distal epiphysis is flattened 
anteroposteriorly, the scapholunar articulation is 
oval-shaped, very concave, and the styloid pro¬ 
cess is located anteromedially. It differs from the 
condition of the other borhyaenoids, Thylacinus 
and Didelphis , where the scapholunar articula¬ 
tion is shallower and where rhe styloid process is 
generally thicker and located medially. It 
resembles the condition observed in Caluromys 
although in this genus the styloid pioccss is loca¬ 
ted medially and the articular surface is shallower 
and wider. The distal epiphysis of the radius of 
Mayulestes is not thickened medially and, on its 
lateral side, the ulnar facet is hardly discernible. 


lu 


Fig. 28. — Mayulestes terox. holotype (MHNC 1249) Unciform; 
A. dorsal: B. proximal views. Abbreviations: cu, articular facet 
witfi the cuneiform; lu, articular facet with the lunar; mclV, articu¬ 
lar facet with the rucIV; mcV, articular facet with Ihe mcV Scale 
bar; 2 mm. 

The lateral side of the distal extremity of the 
shaft is not thickeued and not excavaced to receive 
ulna. 

Carpus. (Pig. 28) The only hone known of the 
carpus of Mayulestes is the right unciform. The 
anterior side ot the bone is roughly triangular 
with a developed medioproximal process which 
articulates with rhe lunar as in Didelphis. The 
unciform ot Borhyacna (YPM PU 15701) 
(Sinclair 1906, pi. 54, fig. 4) is partially broken. 
However, it appears ro have been more quadrate 
in anterior view and the lunar process must have 
been more missive than in Mayulestes. The arti¬ 
cular facet for the cuneiform is very sigmoid and 
faces pcoximolaterally as in Didelphis while it 
faces more proximally in Borhyacna. i he articu¬ 
lar facet for the MclV and V is triangular as in 
Didelphis and Borhyacna. 

Metacarpus. (Fig, 29) The left MclII of the 
holotype is preserved. It is incomplete and lacks 
the distal epiphysis. On die proximal epiphysis, 
the articular facet for the MclV is more concave 
than in Cladosictis and Didelphis. Contrary to 
the condition observed in Didelphis , the part of 
the epiphysis which bears this facet protrudes 
laterally. 

The left McV of the holotype is known. It is 
more slender and longer than those of Cladosictis 
(YPM PU 15046), Si palmy on (YPM PU 15154) 
and Borhyacna (YPM PU 15701). The hone is 
flattened dorsoplantarly, a feature which is not 
found in the Santa Cruz borhyaenoids and 
didelphids. The epiphyses are flatrened in the 
same plane, i.e. their main axes are parallel. As a 
result, when the proximal epiphysis articulates 


mcV 
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Fig. 29. — Mayulestes terox, holotype (MHNC 1249). McV: 
A, dorsal: B, medial views; Mclll: C, dorsal view. Scale bar: 
5 mm 

with the McIV, the flexion axis of the distal epi¬ 
physis of the McV tends to be closet to a perpen¬ 
dicular than to a parallel position in relation to 
the dorsopalmar plane of the manus. Therefore, 
the plane of articulation of digit V tends to be 
perpendicular to that of digit Ill. In Didelphis, 
the proximal epiphysis is flattened transversely 
and roughly perpendicular to the dorsopalmar 
plane. However, the plane of the distal epiphysis 
is not parallel that of the proximal (as in 
Mayulestes) and the articulation plane of digit V 
makes an angle of approximately 120” with that 
of digit 111. The medial .surfice of the proximal 
epiphysis (which articulates with the McIV) is 
very salient in Mayulestes, and almost forms a 
small condyle thus indicating a good mobility of 
the finger (especially abduction and adduction), 
This articulation is less convex in Didelphis. On 
the distal epiphysis, in Mayulestes, the condyle is 
smaller but more convex than in Didelphis and 
there is a well marked articular fossa, while it is 
almost absent in Didelphis. This condition 
denotes a greater mobility of the fingers in 
Mayulestes. Furthermore, as in Didelphis but to a 
greater exrent, the distal epiphysis is recurved 
medially. In Sipalocyon and Cladosictis the McV 
are straight and in Borhyaena the distal epiphysis 
is reeurved laterally. 


Hindlimb 

Pelvis. (Figs 30, 31) The majot characteristic of 
the pelvis consists in the shape and proportions 
of irs ilium. The ilium is approximately 57% of 
the total length of die bone as in Cladosictis (in 
YPM PU 15170). Ii is similar to the condition 
found in Thylacinus (AMNH 35244) where the 
ilium is approximately 54% of the total length of 
the bone but significantly differs from Didelphis 
and Caluromys where the proportions -are 66% 
and 67% respectively. The body of the ilium 
(the portion of the hone between the wing ante¬ 
riorly and the acetabulum posteriorly) is longer 
and more slender than in Cladosictis , 
Prothylacynus and Thylacinus but it is shorter 
than in Caluromys. It is fairly similar io that of 
Didelphis and Pucadelphys. The wing is longer 
than in Pucadelphys hut shorter than in 
Didelphis , Marmosa and Caluromys. It approxi¬ 
mates the relative size and proportions observed 
in Prothylacynus and Cladosictis. 

In lateral view, the wing of the ilium has a 
roughly rectangular outline. Its dorsal edge is 
slightly convex and its ventral edge is weakly 
concave. In this respect it approaches the condi¬ 
tion observed in Cladosictis and Thylacinus. 
However, in these genera, as well as in 
Prothylacynus , the profile of the dorsal edge of 
the ilium is less salient dorsally, and gives the 
wing a more triangular morphology. 

The posterodorsal iliac spine is well marked in 
Mayulestes hut it is much less developed than in 
Cladosictis and in Prothylacynus, where it is extre¬ 
mely salient and forms the anterior edge of a 
very deep greater seiatie noteh. The antcrodorsal 
iliac Spine is virtually absent in Mayulestes and 
that angle of the ilium is rounded and certainly 
does not deserve the name of spine. In 
Prothylacynus, Cladosictis and Thylacinus, the 
anterodorSal angle of the ilium is even more 
rounded than in Mayulestes and gives the ilium a 
ventrally deflected shape. This is emphasised by 
the morphology of the ventral edge of rhe ilium, 
more concave in Prothylacynus, Cladosictis and 
Thylacinus than in Mayulestes. Furthermore, the 
ameroventr.il iliac spine is much more salient in 
Prothylacynus, Cladosictis and Thylacinus than in 
Mayulestes. On the medial side of the iliac spine 
are inserted the quadratus lumborum (also on 
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Fig. 30. — Mayulestes ferox, holotype (MHNC 1249). Right innominate: A, lateral; B, dorsal; C, ventral views. Scale bar: 1 cm. 
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adis 



Fig. 31. — Mayulestes lerox, holo- 
type (MHNC 1249) Right Innomina¬ 
te in lateral view Abbreviations, ac, 
acetabulum; adis, anlerodorsal iliac 
spine; at, acetabular fossa; avis, 
amerovemral iliac spine, bii, body 
of ine ilium; gl, gluteal (ossa- 
gsn, greater sciatic notch; ie, iliopu¬ 
bic eminence; If. iliac fossa; IL, 
ilium; IS, ischium; isp, ischiatic 
spine; it ischiatic tuberosiiy. Is, 
lunate surface; of. obturator fora 
men; pdls posterodorsai iliac 
spine,' ssr>, smaller sciatic notch; 
trf, tuberosity for the rectus femoris; 
wll, wing of the ilium. Scale bar; 
1 cm. 


the ventromedial border of the ilium), a power¬ 
ful flexor of the vertebral column and part of the 
erector spinae (also on the dorsomedial face of 
the ilium), the major extensor of the vertebral 
column. In Mayulestes, a small iliac tuberosity or 
posteroventra! iliac spine is present while it is 
absent in FrothyIdcyrtus, Cladosictis and 
Thylacinus. In Didelphis and Caluromys, the 
ilium is longer and narrower than in Mayulestes 
and the iliac spines are relatively smooth, like in 
Mayulestes. In Pucadelphys, the ilium has an 
intermediate morphology between those of 
Mayulestes and the Santa Cruz borhyaenoids: as 
in the former, there is a clear posteroventral iliac 
spine but, as in the latter, rhe postcrodorsal iliac 
spine is more salient ilian in Mayulestes, the grea¬ 
ter sciatic notch is well marked, and the very 
rounded anterodorsal angle and the concave ven¬ 
tral edge of the ilium give the hone a ventrally 
deflected morphology. 

The lateral side of the wing of the ilium of 
Mayulestes bears a low and rounded ridge which 
arises from the body of the ilium, runs anteriorly 
and vanishes in the anterior third of the wing. 
That ridge is absent in Prothylacynus and 
Cladosictis and very poorly marked in Thylacinus, 
In Caluromys, the ridge is more pronounced than 
in Mayulestes and reaches the anterior extremity 
of the ilium; it is extremely salient in Didelphis 
and divides the lateral side of the bone into two 
well defined fossae. The superior fossa mainly 
receives the origin of the gluteus medius (gluteal 
fossa) and the lower that of the iliacus (iliac 
fossa). In Mayulestes, the two fossae are approxi¬ 


mately of the same size as in living didclphids, 
while in Pttcadelphys the gluteal fossa is clearly 
larger than the iliac fossa. In dorsal view, the wing 
of the ilium is thin as in Pttcadelphys and conspi¬ 
cuously everted as in Cladosictis , Pro thy-lacy tuts 
and Pttcadelphys, contrary to Didelphis, Mtlrmosa 
and Caluromys where the bone is almost straight. 
On the medial side of the ilium rhe articulation 
with the sacrum is vety little marked hut it seems 
that only one sacral vertebra was articulating with 
the bone as in Cladosictis and Thylacinus rather 
than two as in Didelphis and Caluromys. As in 
Pucadelphys and Cladosictis , the wing of the ilium 
is more everted chan in the living didclphids. The 
important eversion of the ilium provides a larger 
insertion area for the erector spinae. 

On the lateral side of the body of rhe ilium, just 
anterior to the acetabulum, the tuberosity for the 
rectus femoris is small. It is, however, slightly lar¬ 
ger than those of Caluromys and Didelphis but 
differs from those of Prothylacynus and Cladosictis 
which are large and very salient. In Thylacinus , 
rhe tuberosity' is nor as developed as in these 
genera but it is larger than in Mayulestes. It is also 
relatively large in Pucadelphys. On the ventral side 
of the pelvis of Mayulestes, at a point which cor¬ 
responds to the junction of the ilium and the 
pubis, is a small tuberosity, the iliopubic eminen¬ 
ce where is attached the tendon of the psoas 
minor, a flexor of the lumbar part of the vertebral 
column. The iliopubic eminence of Mayulestes is 
weaker than in Cladosictis and Prothylacynus but 
more developed than in Didelphis and Caluromys 
where it is sometimes totally absent. 
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Fig 32 — Mayulestes ferox. holotype (MHNC 1249) Left femur A, anterior, B, posterior, C, lateral, D, medial, E, proximal Right 
femur F, anterior, G, posterior; H, distal views. Scale bar A-D, F, G, 1 cm; E, H, 5 mm 
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The acetabulum is shallower and more open 
than in Cladosictis, Protbylacynus and Didelphis. 
It similar to that of Caluromys and indicates a 
greater mobility at the articulation. The lunate 
surface is the articular surface with the femur; it 
is composed of a ventral and a dorsal lobe sepa¬ 
rated by the acetabular fossa. In Mayulestes the 
dorsal lobe of the lunate surface is smaller and 
narrower than the ventral one. The same condi¬ 
tion exists in Caluromys , Didelphis and Pucadel- 
phys while in Cladosictis and Protbylacynus both 
lobes are approximately the same size and in 
Thylacinus the dorsal lobe is longer and wider 
than the ventral one. The anterior border of the 
acetabulum is salient laterally and thickened; the 
dorsal border, in dorsal view, is well excavated 


(i.e. concave laterally). The condition of 
Mayulestes is similar to that of Caluromys , 
Phalanger, Petaurus and Pucadelphys, but differs 
from those of Cladosictis, Protbylacynus, Meta- 
chtrus and Didelphis. 

The ishium is longer than in the Didelphidae 
and similar in size to that of Cladosictis. On the 
dorsal edge of the bone, posterior to the acetabu¬ 
lum, is a small tubercle, the ischiatic spine. In 
Mayulestes it is slightly larger than in Caluromys, 
Didelphis and Pucadelphys, bur slightly less deve¬ 
loped than in Cladosictis, Protbylacynus and 
Thylacinus. Posterior to the ischiatic spine is the 
smaller sciatic notch which, consequently, is less 
pronounced in Mayulestes than in the Santa Cruz 
borhyaenoids. In its posterior portion, the 
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ischium of Mayulestes is longer and narrower 
than in Caluromys and Didelphis hut resembles 
in these respects the condition observed in 
Cladosictis. The posterodorsal angle of the 
ischium is die ischiatie tuberosity where originate 
the biceps femoris and the semitendinosus, both 
extensors of the thigh. The ischiatie tuberosity is 
weak in Mayulestes and Caluromys. it is stronger 
in Didelphis and Cladosictis and much stronger 
in Tbylacinus. 

The postetodorsal angle of the ischium is not 
modified in a true ischiatie tuberosity and is not 
slightly recurved vemrolaterally as it is observed 
in didelphids. In Cladosirtis and Prothylacynus 
they are more developed than in Mayulestes and, 
in Thylacinus , ir is stronger than in the former 
genera. The ischiatie tuberosity of didelphids is 
reduced but a little stronger in Didelphis , 
Metachirus and Monodelphis rhan in the other 



Fig. 33. — Mayulestes ferox, holotype (MHNC 1249). Lett 
femur: A, anterior; B, postenor. Abbreviations; fc, fovea capitis; 
ft, femoral trochlea; gt greater trochanter; h head: if, intercon¬ 
dylar fossa; Ic, lateral condyle: le, lateral epicondyle; It. lesser 
trochanter; Itc, lateral trochlear crest; me, medial condyle; 
me, medial epicondyle; mtc, medial trochlear crest; n, neck; 
tf, trochanteric fossa; tt, third trochanter. Scale bar: 1 cm. 


living genera of the family. In Caluromys and 
Pucadelphys it is extremely flat as in Mayulestes 
but more salient. 

In ventrolateral view, the dorsal borders of the 
ilium and the ischium of Mayulestes make an 
angle of approximately 155°. In didelphids, pha- 
langerids, Cladosictis , Prothylacynus and 
Thylacinus the dorsal borders of the ilium and 
the ischium are roughly parallel and aligned. 
Femur. (Figs 32, 33) Neither of the femora of 
the holotype of Mayulestes is complete. The left 
femur is the best preserved but lacks a .small por¬ 
tion of the neck, the apex of the lesser trochan¬ 
ter, pari of the diaphysis and the medial distal 
condyle; furthermore, the distal part of the shaft 
shows a slight post-mortem deformation. The 
right femur lacks the apex of die greater trochan¬ 
ter, the distal third of the diaphysis and a small 
posterior portion of the medial distal condyle. 
Both bones, however, allow an accurate recons¬ 
truction of the femur of Mayulestes. 

The femur of Mayulestes is relatively short when 
compared to those of Cladosictis and Prothylacy¬ 
nus but resembles that of Borhyaena which is 
more massive. It is shorter than that of Calu¬ 
romys but its proportions are close to that of 
Didelphis. In lateral view, the proximal epiphysis 
is clearly bent anteriorly as in Cladosictis , 
Pucadelphys (Fig. 34) and Caluromys , contrary to 
Borhyaend where it is almost straight. In 
Didelphis and Thylacinus , the curvature is pre¬ 
sent but much less pronounced than in 
Mayulestes. That feature is also very clear in 
proximal view. The proximal condyle (or head) 
is slightly elongated in proximomedial view 
[i.e. compressed ameroposteriorly) and the arti¬ 
cular surface extends on the neck laterally (there 
is a small variation between both femora since 
the condyle of the right femur is slightly more 
compressed ameroposteriorly), This condition is 
relatively similar to that of Caluromys , Didelphis 
and tire other horhyaenoids. However, the proxi¬ 
mal condyle of Mayulestes is less globular than in 
these forms and more resembles in this respect 
that of Thylacinus. The fovea capitis for the 
attachment of the ligament of the head of the 
femur is located on the posteromedial side of the 
head, close to the border of the articular surface. 
It differs from what is observed in Didelphis , 
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Caluromys and Cladosictis, where it is somewhat 
more central on the condyle; ir is closer to the 
position observed in Borhyaena and Thylacinus. 
Tlte fovea capitis is larger than in didelphids and 
other borhyaenoids, suggesting u much stronger 
attachment of the ligament in Mayulestes. The 
neck is short as in Culuromys and differs from 
that ol Cladosictis and, to a lesser extent, 
Didelphis, which arc longer. In this respect, it 
somehow resembles those of Borhyacna and 
Prothylacynus: The head and the neck are orien¬ 
ted less proximally and the distal side of the neck 
is more concave than in Cladosictis and Didelphis 
hut they resemble the condition observed in 
Caluromys. The greater trochanter is for the 
insertion of the three glutei, two of which have 
their origin on the lateral side of the ilium. The 
gluteus medius is inserted on the pusteroproxi- 
mal angle, and the gluteus profundus on the 
anteroproximal angle. The greater trochanter of 
Mayulestes is higher than the condyle, a condi¬ 
tion also found to a lesser extent irt Borhyaena 
and Thylacinus. In Cladosictis, Prothylacynus, 
Didelphis and Caluromys the greater trochanter is 
always lower than the condyle. In lateral view, 
the greater trochanter has an angular apex with 
salient insertion areas for the glutei medius and 
profundus. On the anterior side of the greater 
trochanter is an elongated shallow fossa, for the 
vast? lateralis and intermedius, which runs distal- 
Iv along approximately one quarter of the length 
of the bone. That fossa is absent in Cladosictis, 
Prothylacynus, Thylacinus, Caluromys and 
Didelphis', in Borhyaena the origin of the vasti 
lateralis and intermedius is a slightly depressed 
area located on the anteriot side of the greater 
trnchanrer. The lesser trochanter is a large medial 
triangular blade on the apex of which is inserted 
the tendon of the iliopsoas (iliacus + psoas 
major). If is clearly more developed than in 
Prothylacynus, Cladosictis, Borhyaena and 
Thylacinus. It resembles those of Didelphis and 
Caluromys, although larger and thinner. Distal to 
rhe greater trochanter, on the lateral side of the 
bone, is rhe third trochanter. In fact, in Mnyu- 
lesies, it is more a lateral expansion of the bone 
than a trochanter, which is in continuity with 
the anterolateral crest of the greater trochanter. 
The third trochanter receives the insertion of the 


glureus superficialis, an important abductor and 
inverter of the hip. In Mayulestes, the area of die 
third trochanter Is markedly expanded laterally 
while it is straight in Cladosictis , Prothylacynus, 



F>g. 34. — Pucadelphys andinus (YPFB Pal 6106). Right femur: 
A, anterior; B, posterior; C, lateral; D. medial; E, proximal; 
F, distal views Scale bar. 5 mm. 
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Fig. 35. — Mayuiestes ferox, holotype (MHNC 1249). Right tibia: A, anterior; B, posterior; C, lateral; D, medial; E, proximal; F, distal 
views. Scale bar A-D, 1 cm; E, F, 5 mm 
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Borhyaena and Thylacinus. In Didelphis, postero¬ 
medial to the insertion of the gluteus superficia- 
lis and laterodistal to the apex of the lesser 
trochanter is a small tubercle for the insertion of 
the quadrants femoris, an extensor of the hip 
and an evettor or the thigh No such tubercle 
exists on the hointype of Mayulestes, while it is 
strongly developed in Cladosictis, Prothylacynus, 
Borhyaena and Thylacinus. In Cladosictis it is 
especially salient and connected to the lesser tro¬ 
chanter ptoximomedially through an oblique 
ridge. On the posterior side of the greater tro¬ 
chanter, the trochanteric fossa receives the obru- 
ratorii internus and externus and the gemelli 
muscles. The fossa is deep but not very elonga¬ 
ted proximodistally. Its distal extremity is slightly 
more proximal than the level of the apex of the 
lesser trochanter, This condition differs from 
those of Cladosictis , Prothylacynus , Borhyaena and 
Thylacinus , where the fossa is much longer and 
reaches the distal extremity of the lesser trochan¬ 
ter blade distally. The trochanteric fossa of 
Mayulestes ls much more reduced than in these 
genera and resembles those of Didelphis and 
Calurornys. Ill lateral view of the bone the shaft is 
straight as in didelphids and the Santa Cruz 
borhyaenoids. It differs from Thylacinus whose 
femur is bent posteriorly, a cursorial feature. 

The anterior face of the distal extremity of the 
femur bears a large trochlea (the patella was pro¬ 
bably absent in Mayulestes) for die passage of the 
tendons of the vasti and rectus femoris muscles. 
It is deep when compared to didelphids and has 
an imporiant proximal exrension on the anterior 
side of the shaft; the extension of the trochlea is 
more developed on die lateral side than on the 
medial. The trochlea is shifted laterally, approa¬ 
ching the condition of Eozostrodon (Jenkins tic 
Parrington 1976). The. lateral and medial bor¬ 
ders of the trochlea form sharp crests, the lateral 


one being more elevated than the medial one. 
The trochlea of Mayulestes is more developed 
than in the other borhyaenoids: it is wider, has 
more pronounced relief and expands more dis- 
tally on the shaft, It js, however, closer to that of 
Cladosictis than to those of Borhyaena and 
Prothylacynus , although ir is wider. It differs from 
that of Didelphis which has a less pronounced 
relief, and is notably different from that of 
Calurornys, which is distoproximally very short 
and very flat. The distal extremity of the shaft, 
proximal to the trochlea, hears a shallow sulcus 
for the passage of the tendon of the vasti and 
rectus femoris. A similar condition is observed in 
Thylacinus. In the other borhyaenoids and in 
Didelphis there is no groove but a Rat surface 
which also corresponds to the passage of the ten¬ 
don. That region of the femur in Calurornys is 
slightly convex. 

fn distal view, the lateral condyle is conspicuous¬ 
ly larger and wider than the medial. This condi¬ 
tion is close ro that of Didelphis , Calurornys and 
Phalanger where the medial condyle is narrower 
than the lateral (although more pronounced in 
these genera), but differs from chat observed in 
Cladosictis , Borhyaena and Prothylacynus , where 
the lateral condyle is narrower than or subcqual 
to the medial one. Since the medial condyle of 
Mayulestes is not completely preserved, it is not 
possible to observe the relative anteroposterior 
extension of both condyles. However, it is pro¬ 
bable that the medial condyle was at least as long 
as the lateral one or even slightly longer. In late¬ 
ral view it is noteworthy that the lateral condyle 
is much less globular than in Cladosictis , Prothy- 
facynus, Didelphis and Calurornys. The articular 
surface of the lateral femoral condyle s>f Mayu¬ 
lestes is not recurved posteroproximally as in 
these genera and the condyle is protruding pos¬ 
teriorly, a condition that must have reduced the 
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amplitude at the movement posteriorly (the 
flexion ol the knee). There is a large and deep 
postcondylar fossa [called popliteal surface by 
Evans &C Christensen (1979) in the dog], proba¬ 
bly a consequence of the little recurved posterior 
border of the condyles. In anterior or posterior 
view, the medial condyle is slightly lower (i.e. 
more distal) than the lateral one as in Protby¬ 
lacynus, Cladosictis, Borhydend, Thylacinus , 
Didelphis and Cahtromys. On the lateral side of 
the lateral condyle is the fossa lor the origin of 
the poplirens muscle (which logically should be 
called popliteus fossa). It is Small and shallow as 
in Didelphis and Cahtromys but differs from 
Cladosictis, Protbylacynus , Borhydend and 
Tbylaciinis where it is well marked. The epico.n- 
dyles are not significantly different from those of 
che genera considered here. In distal view, the 
distal epiphysis of the femur is less flattened 
anteroposterior))’ than in Didelphis , Cahtromys , 
Monodelpbis and Philander but approaches the 
condition of AUrachirus. It is however clearly 
wider than long and approaches the condition 
observed in the Santa CtUZ. bothyaenoids; it is 
proportionally slightly longet anceroposteriotly 
than in Protbylacynus and Borhyacna but slightly 
shorter than in Cladosictis. 

Patella. No patella has been found associated to 
the holotype and it is suggested that it was not 
ossified in Mayulestes as it generally occurs in 
didelphids. 

Tibia, (bigs 35, 36) The bone has the typical 
didelphid sigmoid shape, a condition that is 
found in all the representatives of the family. In 
Mayulestes it is more pronounced than in 
Didelphis and Cahtromys', less marked than in 
Chirnnectes bur similar to what is observed in 
Marmoset and Lutreolina. In Protbylacynus and 
Thylacinus the tibia is .straight and, in Cladosictis, 
its distal extremity is slightly bent medially. In 
Mayulestes , in posterior view the proximal third 
of the shaft is concave laterally and rhe two distal 
thirds are convex. The same condition is found 
in Didelphis , Marmoset and Cahtromys ; in 
Chironectes , Metachirus and Lutreolina the 
inflexion point is located at the mi ddle of rhe 
shaft. The tibia of Thylacinus is also slightly 
concavoconvex with rhe inflexion point at the 
middle of the shaft. In lateral and distal view, the 
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Fig. 36. — Mayulestes terox. holotype (MHNC1249). Right tibia: 
A, anterior: B, posterior views. Abbreviations: aica, anterior 
intercondyloid area, ft tibular facet; ic, intercondyloid eminence; 
Ic, lateral condyle: me. medial condyle; mm, media 1 malleolus; 
tb, tibial tuberosity; tc. iibial crest, Scale oar; i cm. 

shaft of the tibia of Mayulestes is regularly bent 
posteriorly as in didelphids, contrary to rhe 
condition of rhe Santa Cru/. bothyaenoids. 

In proximal view, the proximal epiphysis is short 
anteroposteriorly as in Cahtromys and Didelphis 
(to a lesser extent in this genus) and differs from 
the condition observed in Protbylacynus and 
Cladosictis , whose proximal epiphysis of the tibia 
is markedly triangular. The tibial tuberosity is 
small and very little salient anteriorly, tr is smal¬ 
ler than in Cahtromys and Didelphis and much 
smaller than in Protbylacynus , Cladosictis and 
Thylacinus, where its development is responsible 
lor the triangular shape ol rhe proximal epiphy¬ 
sis. In lateral view the tibial tuberosity i's trunca¬ 
ted and forms a regular slope on the antero- 
proxtmal angle of the tibia. This condition is 
found in all didelphids and benhyaenoid hut dif¬ 
fers from that observed in Thylacinus where the 
tuberosity is very salient and forms a right angle 
with the shaft. Between the tuberosity and the 
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Fig. 37. — Pucadelphys andlnus (YPFB Pal 6106). Right libia: 
A, anterior; B, posleriot, C. lateral; D, medial; E. proximal; 
F, distal views. Scale har: A-D, 5 mm; E, F. 2.5 mm. 

condyles is a surface ot rugose bone called the 
anterior intcrcondyloid area. This area is very 
short anteroposteriorlv as in Caluromys and 
Didetphis and differ from the very long area 
observed in Prothylacy-miS, Cladosictis and 
Thylarinus. The lateral cibjal condyle is subtrian- 
gular, almost Hat,- the medial condyle is reni- 
form, excavated and is a little more distal than 
the lateral. The two condyles are anteroposte- 
riorly shorter than in Caluromys , Didetphis 


Thylarinus and probably Cladosictis (the two spe¬ 
cimens I could observe during this study had a 
poorly preserved proximal, extremity). In 
Prothylacynus the condyles arc even shorter than 
in Mayulcstes and the medial condyle is subcircu¬ 
lar in shape. The tabular facet of Mayulntd is 
elongated transversely and has a posterolateral 
orientation as in all didelphids and borhyaenoids 
observed during this study. Tile intercondvloid 
eminence is well-developed and rounded. It is 
larger than in Prothylacymis but smaller than in 
the didelphids and Thylarinus. The posterior 
inrercondyloid area is almost absent and corres¬ 
ponds to the posterior slope of the intcrcondy¬ 
loid eminence. There is a small posterior inter- 
condyloid area in Prothylacynus, Cladosictis and 
Thylarinus. 

On the anterior edge of die proximal extremity 
ofrhe shaft is an unutural ovoid cavity. It is diffi¬ 
cult to derermine if this structure is pre-mortem 
(/.<?. pathological or traumatological) ot post¬ 
mortem (/.<?. taphonomical), although the 
smoothness of its edges would indicate .some 
bone growth and would favour the pathological- 
traumatological hypothesis. 

The tibial crest is smoothly convex and does not 
form a rounded, keel as in Caluromys , Didelphis, 
Prothylacymis and Cladosictis. The keel is much 
more salient and much narrower in Thylarinus. 
The lateral tibial fossa is small hut well marked. 
It is smaller than in Prothylacymis a nd Thylarinus 
but deeper than and not as flat as in Didetphis 
and Caluromys. The medial tibial fossa is 
well-developed as in Caluromys and differs from 
the condition observed in Prothylacynus, 
Cladosictis, Thy/acimts and Didetphis, where it is 
more a flat area than a fossa. On the posterior 
side ill the proximal extremity of the shaft is a 
deep fossa located distal to the popliteal notch. 
As it stands in Mayulcstes, it is probable that it 
has been emphasised by a post-mortem deforma¬ 
tion. However, it seems to have been relatively 
deeper than in the didelphids, a Condition simi¬ 
lar to that observed in Prothylacynus and 
Cladosictis. The distal two thirds of the shaft are 
transversely compressed as in Prothylacynus, 
Cladosictis and Thylarinus. This condition is also 
found in Caluromys and Didetphis, where it is 
more pronounced. On the posterolateral side of 
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the shaft is a marked crest running distally from 
the posterior ribial fossa toward the distal extre¬ 
mity until the distal third of the bone. This crest 
is probably for the interosseous membrane which 
unites the tibia and fibula as in aJI didelphids. 
This structure is stronger than in Prothylacynus 
but it is much weaker than in Cladosictis where it 
almost teaches the distal extremity of the shaft. 
The distal extremity bears the articular surface 
for the astragalus which is divided into a medial 
and a lateral facet. In Mayulestes both facets form 
a marked angle a little larger than 90°. It 
resembles the condition of Prothylacynus and 
Cladosictis, where the angle js close to 90° (or 
slightly smaller) and differs from the condition 
observed in the living didelphids where die angle 
is much more open. The malleolus is large and 
high and occupies the entire length of the ante¬ 
romedial side of the distal epiphysis, contrary to 
the didelphid condition where the malleolus is 
anteroposteriorly shorter. The condition of this 
feature in Cladosictis is intermediate between 
those of Mayulestes and didelphids. The malleo¬ 
lus is flattened transversely and its major axis has 
a posteromedial-anterolateral orientation and 
forms an angle of approximately 48° with rhe 
transverse axis of the tibia! condyles. In the 
Santa Cruz borbyaenoids and in Thylacinus, the 
plane of the malleolus is at 90° with the trans¬ 
verse axis of the femorotibial articulation (the 
functional interpretation and significance of this 
feature are discussed below). The medial facet of 
the asttagalotibial articulation is large as in the 
other borhyaenoids, unlike in didelphids, where 
it is short, anteroposteriorly and proxinUidistally. 
It is strongly convex and faces posterolaterally. 
The lateral facet of the articulation is reniform, 
slightly concave and oriented slightly obliquely 
in relation to the boundary (in lateral view) bet¬ 
ween the epiphysis and the shaft (Fig. 35C). 
This condition is intermediate between that of 
Prothylacynus and Thylactnus, where it is parallel, 
and that of didelphids, where the facet always 
makes an angle of 30 to 45° with the limit bet¬ 
ween the epiphysis and the shaft. As a conse¬ 
quence, the lateral astragalotibial facet of 
didelphids is helical and screws around the mal- 
leolus. The astragalotibial articulation of 
Cladosictis is also slightly oblique as in Mayulestes 


hut its astragalotibial articulation is not helical as 
in the didelphids. The lateral facet is short ante¬ 
roposteriorly a'; in Prothylacynus and Thylacinus 
and differs from those of Cladosictis and 
Didelphis which are longer. In Pucadclphys the 
condition ot the distal articulation of the tibia is 
similar to that of Mayulestes (Fig. 37). The mal¬ 
leolus forms an angle of approximately 69° with 
rhe axis of the femorotibial articulation and the 
lateral and medial facets of the astragalotibial arti¬ 
culation arc approximately at right angle. 

The articular facet for the fibula is located on the 
lateral edge of the distal epiphysis. In Mayulestes, 
it is shorter pruximodistally than in Prothy¬ 
lacynus and Cladosictis and occupies the whole 
posterolateral edge of the distal epiphysis. It dif¬ 
fers from that of Thylacinus where it is restricted 
to die anterolateral angle of the epiphysis. As in 
Prothylacynus and Cladosictis , the lateral edge of 
the distal epiphysis is more salient than in 
Thylacinus and in didelphids (where it is almost 
in continuity with the lateral side of the shaft). 
Fibula. (Fig. 38) Only the distal extremity of the 
right fibula is known. The distal epiphysis has a 
subtriangular shape in distal view. Contrary to 
what is observed in didelphids, it is very salient 
medially and it is probable that the distal extre¬ 
mity of the shafts of the bones were broadly 
separated. The articular surface for the astragalus 
is concavoconvex; it is not possible to observe 
whether it was ariiculating also with the calca- 



Fig. 38. — Mayulestes ferox, holotype (MHNC 1249). Right fibu¬ 
la: A, anterior; B, posterior; C. distal views. Scale bar: A, B, 
1 cm, C, 5 mm 
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neum or not In the didelphids, there is no libti- 
localcanear articulation, except in Didelpbis, 
Metachirus anil Chiron ectes (Szalay 1994: 196, 
340). On the lateral side of the epiphysis is a 
well marked groove for the passage of the tendon 
of the extensor digitorum lateralis and peroneus 
brevis and longus muscles. A similar condition is 
found in the living didelphids, In Prothylacynus 
and Cladosktis , the passage of the tendon is a flat 
area and there is no groove. 

Tarsus. (Figs 39, 40) The calcanettm is the only 
bone of the tarsus thar is known in Mayulestes. 
The right calcanettm is complete; only the distal 
extremity of the left one is preserved. Compa¬ 
risons of that bone will be made with those ol 
Sipalocyon (YPM PU 15154), Cladosktis (YPM 


PU 15046) and with six large (for the fatlna) cal¬ 
canea from the early lute Palacoccne of Itaboraf 
(Brazil) which are most likc-ly referable to 
borhyaenoids although not necessarily to the 
same taxon. Because of their size, the four smal¬ 
ler specimens (PGM 1. I75-M, 176-M, 178-M, 
179-M) belong to the IMG (Itaboraf Metathe- 
rian Group) XI ot Szalay (1994) and could fit 
the genus Patene while the two larger ones 
(DGM 1. 180-M, 184-M) belong to the 
IMG XIII of.Szalay (1994) and could fit 
Nemolestes. In the following description, for 
practical reasons they will be referred to the 
“Itaboraf borhyaenoid calcanea” and no reference 
is made to specific genera. 

The ruber calcanei of Mayulestes is relatively lon- 



Fig. 39. — Mayulestes ferox , holotype (MHNC 1249). Right calcaneum: A, anterior; B, posterior; C, lateral; D, medial; E, distal views. 
Scale bar: 5 mm. v 
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ger and more slender than in Cladosictis , 
Sipalocyon ajid the Ituboraian calcanea. The ectal 
facet (the lateral articular facet for the astragalus) 
is small, short proximodistally and very narrow. 
Lateral to the ectal facet there was either no cal- 
caneofilmlar (CaFi) Licet or a very narrow 
strip-like facet. A calcancofibular Licet is present 
in Cladosictis and Sipalocyon and in all the 
Itaborat borhyacnoid calcanea mentioned ahove. 
In one specimen figured by Szalay (1994, 
fig. 6.27 A-C), the calcancofibular facet is very 
similar to that which, could exist in Mayulestes in 
its length, narrowness and orientation, while in 
the other specimens the facet is generally wider 
and/or obliquely oriented. In the Itaborat 
borhyaenoid calcanea, the articular contact with 
the fibula is generally smaller than in Cladosictis 
and Sipalocyon (Szalay 1994, fig. 6.27, 6.31), 
although it is larger (as large as the octal facet) in 
DGM I.I60-M. a specimen which “falls within 
the range expected tor Patcnc ” (Szalay 1994: 
177). On the lateral side of the protuberance 
which beats the octal and fibular facets is a well 
marked insertion area for the calcancofibular 
ligament. Medially, the dorsal side of the susten¬ 
taculum tali bears the sustentacular facet (the 
medial articulation for the astragalus). It is smal¬ 
ler and more gtacile than in Cladosictis and 
Sipalocyon and, as in these genera, its articular 
facet occupies the entire length of its- dorsal side 
and reaches distally the dorsolateral edge of the 
cuboid facet, contrary' to the condition observed 
in didelphids. The sustentacular facet is slightly 


oblique relatively to the axis of the tuber calcanei 
as observed in the Labors! calcanea and 
Sipalocyon , contrary to the condition of 
Cladosictis , where it is parallel to the tuber. The 
orientation of the plane of the sustentacular facet 
is mainly medial with a small dorsal component. 
In Sipalocyon its orienration is almost totally dor¬ 
sal and in didelphids it is intermediate between 
Mayulestes and Sipalocyon. The peroneal process 
of the calcaneum is expanded distolaterally and 
beats a deep groove for the passage of the per- 
oneus longus. In Mayulestes the peroneal process 
is larger and the groove is deeper than in 
Cladosictis and Sipalocyon ; in these respects, they 
arc similar to those of the Iraborai calcanea. 
Furthermore, the lateral wall of the sulcus is very 
thick and longer than the medial in Mayulestes as 
in the Itaborai calcanea, contrary to CLidosictis 
and Sipalocyon. The large and laterally expanded 
peroneal process ol Mayulestes leaves a large space 
for the passage of the tendon of the peroneus 
brevis on its anterior lace, and tor the abductor 
digiti quinti on its posterior face (Godinot & 
Prasad 1994; Prasad ik Godinot 1994). The pos¬ 
terior f ace of rbc calcaneum of Mayulestes possess 
a small ridge which runs distally from the poste¬ 
romedial edge of the tuber calcanei and reaches 
the small distal plantar tubercle on the posterior 
border of the calcaneocuboid articulation. The 
posterior side of the peroneal process is wide and 
deeply concave and that of the sustentaculum 
tali is relatively flat. In Sipalocyon and Cladosictis, 
the ridge is much more developed than in 



Fig. 40. — Mayulestes ferox, holotype (MHNC 1249). Righi caieaneum: A, anterior; B, posterior C lateral; D, medial. E, distal views. 
Abbreviations: at, anterior plantar tubercle; cf, cuboid tacel; eff, calcaneofibular facet; dpt. distal plantar tubercle; ef , ectal facet; icf I, 
insertion for calcaneofibular ligament; pp, peroneal process; pr, posterior ridge; spl, sulcus for the passage ot the peroneus longus; 
st, sustentaculum tali; stf, sustentacular facet; tc, tuber calcanei. Scale bar: 5 mm. 
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Mayulestes , the posterior side of die sustentacu¬ 
lum is convex and the posterior side of die per¬ 
oneal process is narrow and only slightly 
concave. When compared to rhar of Mayulestes, 
the posterior side of the calcaneum of Sipalocyoti 
and Cladosieiis is inflated posteriorly,, probably in 
order to strengthen the bone. In the ltaborai' cal¬ 
canea, the condition is intermediate between 
that of Mayulestes and those of Cladosictis and 
Sipalocyoti sinee they have a slightly thicker pos¬ 
terior ridge. As a consequence of the morpholo¬ 
gy of rhe posterior side of rhe calcaneum, m 
distal view, the articular facet lor the cuboid has 
a straight border in Mayulestes , while it is convex 
posteriorly in Cladosictis and Sipntocyon. The 
condition of the Irahoraf calcanea resembles 
more that of Mayulestes than that of the 
Santacruzian genera. As in the ltaborai calcanea, 
the cuboid facer is deeper in Mayulestes than in 
Sipalocyoti and Cladosictis. 

The calcaneum of Mayulestes differs from that of 
Didelpbis which is more specialised. In Didelphis 
the tuber calcanei is more robust and short, rhe 
octal facet is very narrow, the sustentacular facet 
does not reach the cuboid facet distally, and the 
sustentaculum tali is notched medially. The sus- 
tentacular and octal facers are vert' close to one 
another in Didelphis , while they are well separa¬ 
ted in Mayulestes , the peroneal process is small, 
does not reach the lateral border of rhe cuboid 
facet distally, and the groove for the peroneal 
muscle has lost its medial wall. Furthermore, the 
calcaneum of Mayulestes differs from that of 
most didelphids [a secondarily acquired CaFi 
facet is present in Didelphis (although small in 
this genus), Metchints , and Chironectes (Szalay, 
1994)| which have lost the calcaneofibular 
(CaFi) facet, a derived condition also found in 
peradectids (Szalay 1994). Contrary to the state¬ 
ment by Marshall 6c S igognCa u - Russel I (1995), 
rhe calcaneum of Pncddelphys has a dear calca¬ 
neofibular facet distinctly observable on the fur¬ 
ther prepared left tarsus of YPPB Pal 6106 
(Fig. 41). 

One of the most characteristic modifications of 
the calcaneum of didelphids is the presence, pos¬ 
teriorly, of a deep notch on the posterior border 
of the cuboid facet for the articulation of a large 
proximal styloid process of the cuboid, around 


which rhe calcaneum probably has some rotation 
ability (CaCup facer of Szalay 1994), Both 
cuboid (Cacud and CaCup) facets are separated 
by a well marked scmicirculai ridge. This featu¬ 
re, which Is a diddphid synapomorphy (Szalay 
1994), is absent in Mayulestes . Contrary to the 
statement by Marshall & Sigogneau-Russtll 
(1995: 148), rhe calcaneum of Pucadclphys does 
not show, even incipiently, any trace of the very 
typical proximal indentation of rhe cuboid facet, 
as it is observed in the living didelphids and in 
two fossil didelphids from the Palaeocene of 



Fig. 41. — Pucadelphys andmus (YPFB Pal 6106). Right calca¬ 
neum: A. anterior: B, posterior; C lateral; D, medial; E, distal; F, 
proximal views. Scale bar: 2.5 mm. 
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Itaboraf (Brazil) (Szalay 1994, fig. 6,23). In this 
respect, the calcaneum ol Pueadelphys is similar 
to that of Mayulestes and to most North 
American Late Cretaceous and Tertiary marsu¬ 
pial calcanea figured by Szalay (1994: 
Chapter 6). The caicancum of Pueadelphys docs 
not possess a CaCup facet. In fact, the concavity 
of the plantar aspect of the cuboid facet (what 
Marshall & Sigogncau-Russell questionably 
regard as an incipient development of the didel- 
phid condition) is more pronounced in 
Mayidesres than in Pueadelphys (YPFB Pal 6105 
and 6106). The specimen YPFI1 Pal 6110 
(Marshall & Sigogneau-Russell 1995, fig. 50) is 
that of a juvenile and the posterior border of the 
cuboid facet Is probably slightly worn (this has 
been pointed out io me by D. Sigogneau- 
Russell). The consequence is that the proximal 
extension of the cuboid facet of that specimen 
appears more developed dtan it actually was, and 
more than in the other specimens (YPFB 
Pal 6105 and 6106). Whatevc-r the orientation of 
the calcaneocuboid facer of Pueadelphys is, it is 
clear that it is simple (he.. it does not have a 
CaCup ftcet) and does not present an incipient 
development of the calcaneocuboid didclphid 
synapomorphy. Therefore, the calcaneum of 
Pueadelphys does not have two of the major cal- 
canear synapomorphies lound in didelphids 
(presence ol CaCup and loss of CaFi facets). 
Metatarsus, (Fig. 42) Two merapodials are refer¬ 
red to left Mtill and MrIV. However, the deter¬ 
mination of the Mtlll is uncertain since parr of 
the proximal extremity is lacking. The relative 
length anti proportions of the MtllJ are similar 
to those of Sipalacyan and Cladosictis. It is clearly 
shorter than in Prothylacynus. In anterior view, 
the articular facet (or the ectocuneiform is more 
convex and more bent anteriorly than in 
Sipaloiyon allowing probably better flexion 
movements of the foot. On the distal extremity, 
the condyle is less globular than in Sipaloeyun 
and there is a deep articular fossa on the anterior 
side of the bone, proximal to the articular 
condyle. This latter condition also denotes better 
articulation and wider movement of the digits. 
The MtlV is relatively shorter than in Sipatocyon 
and does not present the weak lateral curvature 
observed in this genus. Its proximal articular 



Fig. 42. — Mayulestes ferox, holotype (MHNC 1249). A, Lefl 
Mtlll in dorsal view; B. Lefl MtlV in dorsal view. Scale bar: 
5 mm. 

facet with the cuboid is more inclined anteriorly 
and laterally than in Cladosictis and would also 
indicates more agility in the movements of the 
foot. The distal articulation is similar to that of 
the Mtlll, 

Mtlll (13 mm) is slightly longer than MtlV 
(12.2 mm). They are both slightly longer than 
one third of the length of the Libia. 

DISCUSSION 

Cranial characters 
Teeth 

Incisors. The number of incisors of Mayulestes 
(I5/i4) is obviously plesiomorphic when compa¬ 
red to that of the other borhyaenoids (I4/i3). 
Before the discover}' of Mayulestes, die reduction 
of the incisors number to 14/i3 was regarded as 
diagnostic of the Borhyaenoidea (Marshall & 
Kielan-Jaworowska 1992). Among marsupials, 
an incisor formula ol I5/i4, which is always pre¬ 
sent in didelphids, is regarded as plesiomorphic. 
However, Winge (1941) has noted that thejll 
was not occluding with any lower incisor and 
suggested that the il had been lost in marsupials. 
Therefore, the firsr lower incisor is the i2. 
Hcrshkovitz (1982: 186) agrees with this inter¬ 
pretation which is supported by strong embryo- 
logical evidence (Woodward 1893; Berkovitz 
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Fig 43. — Dorsomedial view of the dissected anterior region of a mandible of Pucadelphys andinus (YPFB Pal 6473) showing the 
staggered i3. Scale bar: 2.5 mm. 


1978). So far, no marsupials have been found 
with a complete incisor formula and the plesio- 
morphic incisor formula for marsupials is that of 
Mayulestes : 15/i4. 

Mayulestes has a staggered i3 (/. e. second lower 
incisor). Hershkovitz (1982) has shown that the 
second lower incisor (i3) ol most polyptotodont 
marsupials has a root which is shifted (staggered) 
posteriorly and dorsally. Consequently, the ante- 
rior alveolar border of the i3 on the dentary is 
thickened or buttressed. According to 
Hershkovitz, that feature is present in didel- 
phids, borhyacuoids, several dasyurids, 
Thylacinus , several pcramclids and an Early 
Cretaceous portion of left mandible (FMNH 
PM583, Thcria incertae sedis) interpreted (by 
Hershkovitz) as a metarnerian. Contrary to rhe 
statement by Marshall & Muizon (1995: 68), 
the i3 of Pucadelphys is actually staggered, as 
shown by specimens YPFB Pal 6473 and 6474 
(Fig. 43). The staggered condition could not be 
observed in Pediomys because of the state of pre¬ 
servation of the specimens. The staggered i3 is 
absent in the Microbiotheriidae and is not obser¬ 
vable in other South American families where 
hyperspecialtsation of the muzzle hides that 
condition (Caenolestidae, Groeberitdac. Argyro- 
lagidae Petamelidae, and Myrtnecobiidae). 
Among Late Cretaceous taxa, the i3 is apparently 
not staggered in Alphadon, Knkopellia , Endelphis 
browni (AMNH 14149) and Didelphodott 
(USNM 2136); (Cifdli & Muizon 1997, 1998). 
The staggered 13 has been regarded as a synapo- 
morphy of marsupials (Hershkovitz 1982), but 


Muizon ct al. (1997) tentatively regard this cha¬ 
racter as a synapomorphy of the souihern radia¬ 
tion of marsupials (South America and 
Australia). The microbjotheriid condition must 
hence be regarded as a reversal. 

The upper incisor row of Mayulestes is deeply 
arched posteriorly as in didelphids. In the other 
borhyaenoids, where that part of the skull is 
known, the upper incisor row is almost straight 
and transverse (in Pharsophorus, Sipalocyon , 
Cladosictis , Borhyacna , ProthyLtcyvus , Acrocyon). 
A straight upper incisor tow is a derived condi¬ 
tion within the Borhyaenoidea and the atched 
upper incisor row of Mayulestes is a plcsiomot- 
phi.c condition for the superfamily. 

Premokrs. The first upper and lower premolars 
of Mayulestes are slightly obliquely set in the 
maxilla and dentary as it is observed to a much 
greater extent in the Borhyacninac and the 
Prohorhyaenidae. The Prorhylacininac have a pi 
strongly oblique ih the dentary but PI is appa¬ 
rently not oblique. Marshall n al. (1990) have 
regarded the oblique implantation of pi as a.syna¬ 
pomorphy of the Borhyacnidae. However, the 
presence of this feature in the Probothyaenidac 
(Paraborhyaend ) introduces a contradiction in the 
cladogram of Marshall et al. (1990, fig. 2), as does 
the presence of an oblique PI in the Borhyaeninae 
and the Prohorhyaenidae. In fact, node 24 
(Borhyacnidae) of Marshall et al (1990, fig. 2) is 
relatively weakly supported since the other syna¬ 
pomorphy they use to diagnose the family is “ani¬ 
mals' of medium to large size". The presence of 
slightly oblique upper and lower first premolar in 
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Mayulesies would suggest di.u this is the plesio- 
morphic condition within the Borhyaenoidea and 
that it could represent a synapomorphy of the 
superfamily. The loss of the ohliqtiit)’ in some taxa 
would therefore have to he regarded as an apo- 
morphic character state related to a lengthening of 
the tooth row ( CkdosictU , Sipalocyon). However, it 
is noteworthy rhar the obliquity of the first lower 
premolar in the Borhyaenidae and Proborhyae- 
nidae is much mote pronounced than in 
Mdyulestes and probably also represents an apo- 
morphic trend related ro the acquisition of a very 
short and stout rostrum. 

Molars. The molars of Mdyulestes show a slight 
increase in size from Ml to M3 and from ml to 
m4. In (act. the last lower molar of Mdyulestes is 
subequal in height and volume to m3 nod only 
very slightly longer than m3 (length m3 = 3.70, 
length m4 = 3.74), The character state “trend fot 
molars to increase rapidly from in 1 Co m4 and 
from Ml to M3” has been regarded by 
Marshall & Kielan-Jaworowska (1992) as a syna- 
pomorphy of the Borhyaenoidea. However, it is 
noteworthy that an increase in size from ml to 
m4 and from Ml to M3 is also found in the 
Stagodontidae and in the DasyUroidea 
( Thyldcinus . Stircophilus). In the Creodonta the 
last lower molar is frequently the largest of the 
tooth row ( Hyaenodov, Ptcrodon , Dissopsa/is, 
QuenytherinHi, Cynohyamodon). This is also true 
in several felids and hyaenids. In fact, the ten- 
denc) to increase the size of the last lower molar 
and penultimate upper molar is a highly homo¬ 
plastic character state related to hypercarnivo- 
rous diet. Whatever the Function is (shearing, 
crushing or both), the- greatest force is located at 
the ppsteriormost end of the tooth row (the clo¬ 
sest possible to the rotation axis of the condyle), 
which is probably related to the tendency of 
various groups of mammals to increase the size 
of the posreriormoxt lower tooth. Therefore, the 
phylogenetic value of the character state “rapid 
increase in size from ml to m4 and from Ml to 
M3” is questionable since it is a highly homo¬ 
plastic feature. Furthermore, a last lower molar 
slightly larger than, or subcqual in size to, the 
preceding tooth is also present in the Early 
Cretaceous eutherian Prokennalestes, and in some 
species of Cimolestes. Therefore, it is probable 


that the condition of Mayulesies represents the 
plesiomorphic character stare. The same is pro¬ 
bably rrue for Eodelphis and Par in dens, where the 
m4 is only very slightly larger than the m3. 

The molar morphology of Mdyulestes is. very 
similar ro that of Allqukirus from the same locali¬ 
ty (Fig. 44). The holotypc of Allqukiius is an 
upper molar referred to an M2 or M3 by 
Marshall &C Muizon (1988). The proportions of 
the holotypc of Allqukirus (1, = 3-25 mm, W = 
3.8 mm, I./W = 0.85) clearly differ from those 
measured on the M2 (L = 3.05. W = 4.34, 
L/W = 0.7) and M3 (L = 2.8, W = 4.64, 1,/W = 
0.6) of the holotype of Mdyulestes. Furthermore, 
the M2-M3 of Mdyulestes differ from the holotype 
of Allqukirus in having a much larger stylar 
cusp D, a low crest descending from the stylar 
cusp D toward the lingual extremity of the meta¬ 
crista, a metacrista which does not strongly over¬ 
hang the base of the crown (as it is observed in 
Allqokims), a straight posterior edge of the tooth 




Fig. 44. — Occlusal views of M3 of A, Mayulesies; B, Allqo¬ 
kirus. Occlusal views of m3 of: C, Mayulesies; D, Allqokirus. 
Lingual views of m3 of: E, Mayulesies ; F. AlIqoKirus. Scale bar = 
2 mm. 
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(whereas it forms an angle of approximately 150° 
in Allqokirus ), a deeper ectoFlexus and a more 
robust and longer protocone. One m3 has been 
referred to the holntype of Allqokirus by 
Marshall 6c Muizon (1988). The m3 of 
Mayulestes dif fers from that of Allqokirus in being 
narrower and mote slender. T he lower molars of 
Mayulestes resemble those of Alltjokirus in most 
of their structure and both arc peculiar in having 
a reduced entoconid and a talonid basin opened 
anteromedially. The level of morphological simi¬ 
larity existing between Mayulestes and Allqokirus 
is similar to that existing between Cladosictis and 
Sipaloeyou. two different genera found associated 
in the same localities horn the Colhuehuapian 
and Santacruzian hols of Patagonia. 

The borhyaenoid molar morphology shows seve¬ 
ral evolutionary trends which represent a func¬ 
tional complex related to postvallum-prevallid 
shear, characteristic of hypcrcarnivorous adapta¬ 
tion (Muizoft & Lange-Badre 1997). On tire 
lower molars, the inetaconid reduces and disap 
pears in most genera; the paraconid is enlarged 
and crest-like, and the paractistid tends to rotate 
counter-clockwise, being almost parallel to the 
tooth row in some borhyaenids. some probo- 
rhyaenids and in thylacosmilids; the talonid 
tends to reduce and almost disappears in 
borhyaenids, proborhyaenid.s and rhylacosmilids. 
On the upper molars, the paracone and the pro¬ 
tocone are always reduced and almost disappear 
in some borhyaenids, proborhyaenids and thyla¬ 
cosmilids; the stylar shelf and stylar cusps B and 
D arc generally very reduced and often totally 
disappear; the postmetacrisca is greatly enlarged 
and tends to be aligned With rhe mctacone, 
parallel to the tooth row. These features are high¬ 
ly adaptive and can be observed (some or all) in 
five other groups of mammals: Dcltathcroida, 
Stagodontidae, Dasyufoidea (Thylacirtu's and 
Sarcophilus), Creodorita and Carnivora (Muizon 
1994; Muizon & LangerBadre 1997). Therefore 
the functional complex based on postvallum-pre¬ 
vallid shear is a highly homoplastic synapomor- 
phy with a low phylogenetic value and it should 
not be retained as a key xynapomorphy of the 
borhyaenoids. 

In Mayulestes, the molar morphology is relatively 
unspecialised for a borhyaenoid but some of the 


features related to postvallum-prevallid shear are 
already incipienrly developed: the paracone is 
smaller in volume and height than the metacone, 
the posmietacrista is enlarged, the metaconid is 
subequal in height to, but smaller in volume 
than, the paraconid, and the paraconid is slightly 
blade-likc. The same features are also present in 
Allqokirus. The molar morphologies of 
Mayulestes and Allqokirus are very similar to th.at 
of Pateue. However, the former genera differ 
from the fatter in the very small size of their 
entoconid and in rhe lingual opening of rhe ralo- 
nid basin, while in Pateue the entoconid is suhe- 
qual in height and volume to the hypoconulid 
and the talonid basin is not opened lingually. 
The small -size of rhe entoconid of Allqokirus has 
been regarded as a piestomorphy within the 
borhyaenoids by Marshall &C K i el a n -1 a wo r owska 
(1992), A small entoconid is also found in the 
Dcltathcroida and probably in Aegjalodmr, this 
cusp is absent in Kiriant heriuru and Hypprnyins, 
two Early Cretaceous tribosphenidans (respecti¬ 
vely, Dashzeveg & Kielan-Jaworowska 1984 and 
Sigogncatt-Russcll 1992). Marshall & Kielan- 
Jaworowska may be correct since Alltjokirus and 
Mayulestes are the oldest known borhyaenoids 
and since, in younger genera of the superfamily, 
the entoconid, when present, is always well-deve¬ 
loped. However, various lineages of borhyae¬ 
noids show a tendency to reduction of the 
talonid, which is often achieved by the reduction 
of the entoconid and the lingual opening of the 
talonid basin [Plesiofilis scbhsseri {MLP 11-114), 
Notogdlc rnitis (MNHN SAL 97). Anatherium 
he nerds (FMNIl 13521), Chasicostylus castroi 
(MLP 57-XT-2), an isolated ml (MNHN 
SAL 27.2) from the Deseadan beds of Sail a 
(Bolivia), probably referable to a small species of 
Pharsophorus], Therefore, since this feature has 
appeared several times independently in several 
groups of borhyaenoids, the reduction of the 
entoconid of Mdy dies It's and Allqokirus may very 
well have also occurred in the Mayulestidae 
(Allqokirus and Mayulestes) and would be, there¬ 
fore, a synapomofphy of the family. This hypo¬ 
thesis is tentatively retained here. Jt is 
noteworthy that the earliest known marsupial 
genera (Kokopellia, from the Albian-Cenomanian 
of Utah, Pariadens, from the Cenomanian of 
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Utali) have a well-deveioped entoconid. A simi¬ 
lar condirion is present in Asiatherium from the 
Late Creraceous of Mongolia. 

The apomotphy of the reduced entoconid of 
Allqokirus has been previously mentioned by 
Szalay (1994: 321, 328). If this assumption is 
correct, Afayulestcs and Allqokirm cannot be 
regarded as probable mnrphological ancestors for 
Patent (as it was suggested by Marshall & 
Muizon 1988 anti Muizon 1992) but could 
represent a morphological dental ancestor for a 
lower molar from the late Palaeocene of Itaborai 
referred by Marshall (1978) to cf. Afemolestes sp. 
This tooth (a posterior molar, m3 or m4) has a 
high protoconid, a large crestlike paracottid and 
a small metaconid cuspule at the posrerolingual 
base of the protoconid-The talonid is very redu¬ 
ced, the talonid basin is open lingually and the 
entoconid is either extremely reduced or totally 
absent. The genus Nemo/estes has been regarded 
by Marshall (1978) and by Marshall et ±il. U990) 
as the oldest known representative of rhe 
Borhyacnidac. Jf these authors are correct, rhen 
Allqokirus and Mayulesles would not be ancestral 
the Hathlyacinidae as previously stated by 
Marshall & Muizon (1988) and Muizon (1992) 
(for Allqokirus only) but could represent the sis¬ 
ter-group of the Bothyaenidae. However, this 
hyporhesis still has to be tested wirh the disco¬ 
very of cranial remains of Nemolestes. 

The stylar cusps and srylar shelf of the upper 
molars' of Mayulestes • and Allqokirus are 
well-developed for borhyaenoids. The only orher 
borhyaenoid genus whose upper molars have 
well-developed stylar shelf and stylar cusps is 
Patene. Mayulesles and Patene resemble each 
orher in having a stylar shelf larger than in the 
other borhyaenoids, conspicuous stylar cusps A 
and B and no cusp in a stylar C posirion. 
However, on dte M3 of the holocype of Patene 
simpsoni and on an isolated M3 from Itaboraf 
(DGM uncaralogued specimen), 3 series of small 
cuspules are observed in a stylar cusp C position. 
Mayidestes differs from Patene in having a larger 
stylar shelf, a larger stylar cusp 11 and a conspi¬ 
cuous stylar cusp D (absent in Patene), A stylar 
cusp B is also present in Pwclacbsictis from the 
Mustersan of Patagonia. The stylar cusps and 
stylar shelf of Mayulestes are extremely similar to 


those of the Stagodontidae {Eodelphis and 
Didelphndon) which also have a large srylar shelf 
with well-developed styUr cusps B and D and 
which lack a cusp in a srylar cusp C position. 
However, a series of cuspules in stylar cusp C 
position, similar to that of Patene, is also obser¬ 
ved in some specimens of Eodelphis and 
Didelphodon (Fox 1981). As in Mayulestes, rhe 
ectoflexus of Eodelphis and Didelphodon are 
deep. A well-developed stylar cusp C is present 
on the teeth referred by Eaton (1993) to 
Pariadens kirklandi from the Cenomanian of 
Utah. This species lias been included within the 
family Stagodontidae by Cilelli &f Eaton (1987), 
but Eaton (1993) cautiously added a question 
mark to the'familial attribution initially sugges¬ 
ted. Fox & Naylor (1995) consider that the 
upper molars referred to that species by Eaton 
(1993) certainly do nor march the stagodontid 
morphology since they possess a well-developed 
stylar cusp C. The Deltathetoida lack stylar 
cusp C, but a small stylar cusp D is present in 
Su/cstes (Kielan-Jasvorowska & Nessov 1990) and 
on the molars of the Gurlin Tsav skull. The 
absence of a conspicuous cusp in a stylar cusp C 
position is regarded as a plesiomotphic character 
stare within metatherians (Fox 1973; Fox & 
Naylor 1986; Fox 1987; Marshall et ah 1990; 
Eaton 1993). Furthermore, Ctfelli (1993a, b) 
and Szalay (1994) have clearly expressed that the 
srylar cusp C may have appeared and disappeared 
several times in marsupials evolution. Therefore, 
Mayulestes , which lacks a stylar cusp C, probably 
retains the plesiomorphic condition. 

In fact, the upper molar pattern of Afayulestes 
approaches rhe stem marsupial morphology, 
according to Marshall et al. (1990). The follo¬ 
wing features are regarded by' these authors as 
represenring the stem marsupial upper molar 
morphology: (1) molars transversely wide and 
anreroposteriorly short; (2) ectoflexus deep, cen¬ 
trally located along the labial margin; (3) stylar 
shelf wide; (4) stylar cusps B and D prominenr, 
with B > D; (5) stylar cusp C not developed; (6) 
stylar cusp A distinct, yet much smaller than D; 
(7) paracone and mctacone very large, Subequal 
in size, set side by side and positioned approxi¬ 
mately midway along transverse axis of the 
tooth; (8) centrocrista linear; (9) conules distinct 
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but not enlarged: (10) protocone tall (.spirelike) 
and not expanded, so the angle between the pro- 
tocristae being acute (60°); and (11) both ante¬ 
rior and posrerior cingula present (shelf between 
the anterior base of srylar cusp A and rbe para- 
cone and between the posterior base of srylar 
cusp E and the ntetacone respectively), This 
morphology is based on that of " Alphadon ” cre~ 
her (specimens without stylar cusp C). Mayulestes 
shows most of the features cited by Marshall et 
al. (1990), except a posterior cingulum; 
Mayulestes also diverges from the plesiomorphic 
marsupial upper molar pattern in having a para- 
cone slightly smaller than the metacone and an 
ectoflexus located slightly anteriotly (the two fea¬ 
tures are probably related). The condition of the 
Stngodontidae is similar to that of Mayulestes and 
Atlejokirus. In his cladogram of early tribosphenic 
mammals, Cifelli (1993a, b) has retained the 
same feature (presence of a posrerior cingulum) 
which he expressed differently: “postprotocrista 
of upper molars extends labially past base of 
ntetacone (double-rank postvallum/prevallid 
shearing)”. This author regards that feature as a 
synapomorphy of a monophyletic group made 
of: (1) the Eutheria; (2) Kokupellia , Zygocuspis 
and Falpetrus; and (3) the Marsupialia [The 
occurrence of this character has recently been 
observed in Kokopellia (Cifelli & Muizon 
1997)]. However, a postprotocrista extending 
labially past the meracone is absent in many 
metatherians: delrathcroidans, borhyaenoids, sta- 
godontids, didelphoids, most microbiotheres, 
and dasyuroids. Therefore, the distribution of 
this feature would indicate that it appearad seve¬ 
ral times in rherian evolution.. However, since it 
is incipiently present in the Palaeocene micro- 
biothere ( Khasia ), and absent in the Miocene 
( Microbiotherium ) and Recent ( Dromictops ) 
genera, it is also possible that it has been reversed 
(perhaps independently) in some lineages 
(Muizon et al. 1997). The molar morphology of 
Mayulestes is, hence, probably derived in the lack 
of a posterocingulum. 

To conclude, the dentition of Mayulestes shows 
many plesiomorphic features not only for a 
borhyaenoid but also for a rnetatherian. The 
number of incisors of Mayulestes (15/i4) is the 
primitive condition for marsupials and the cha¬ 


racter state “number of incisors reduced to J4/i3” 
is derived for the other borhyaenoids. The lack 
of a posterocingulum is probably a reversal 
within marsupials which also occurs in stago- 
dontids, borhyaenoids, didelphoids, microbio¬ 
theres, and dasyurids. The incipiently developed 
features related to prevallid/postvallum shear 
observed in Mayulestes have been shown above to 
be of low phylogenetic value since they appeared 
independently in at least six groups of mammals 
and probably several times within some of these 
groups (Muizon & L3nge-Badr^ 1997). The 
same is true for the increase in size from ml to 
m4 and Ml to M3, a feature probably related to 
carnivorous diet. Consequently, the dentition of 
Mayulestes does not exhibit undoubted borhyae- 
noid synapomorphies since all of them are either 
symplesiomorphies or highly homoplastic fea¬ 
tures. The only probable derived feature of the 
molars of Mayulestes and Allqnkirus is the great 
reduction of the entoconid, regarded here as a 
synapomorphy of the Mayulestidae. This feature 
certainly appears several times in borhyaenoids 
evolution and is therefore of low phylogenetic 
value. However, since the only elements of 
Mayulestes and Allqokirus that can be compared 
are M2 or 3 and m2 or 3, and since it is the only 
derived feature shared by the molars of the two 
genera, it is tentatively retained in spite of its 
weakness as a synapomorphy of the family. It is 
clear that cranial remains of Allqokirus are much 
needed to clarify this point. 

The Ice)’ synapomorphies of the Borhyaenoidea 
cannot be established on the basis of dental fea¬ 
tures but must be searched for in cranial mor¬ 
phology. 

Bony skull 

Mayulestes, a weasel-sized animal, is the smallest 
known borhyaenoid. Although, at first sight, the 
rostrum scents to he shorter than in the other 
borhyaenoids, the measurements in Table 1 indi¬ 
cate that it is even slightly longer. The rostrum 
of the Hathliacynidae (Sipalocyon and 
Cladoslctis) appears to be slightly longer mainly 
because of the greater length of the jugal tooth 
row and the greater narrowness of the palate.. 
Mayulestes clearly shows a shorter cheek tooth 
row and a wider palate between P3 and the ante- 
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Tablf I . — Proportions ol the length of the rostrum to Ihe total length ol the sKUII ih bortiyaenoids. Lc. total length of ihe skull form 
the tip ol ihe premaxillae 10 the posterior extremity Of the ocdpijal condyles (in YPMPl) 15046 and 15701 the occipital condyles are 
missing and the length of the skull is measured from the posterior border o| ine lambdoid crest, The error introduced is regarded 
here as minor); Lr, length of the rostrum tram the anterior border of the orbit, Lctr, length of the cheektooth row from anterior border 
of Pi to posterior border of M4, WP3 width of the palate between posterior mots of P3s: WM4. width of the palate between the M4s; 
Winf. width ol the rostium at ihe level of tne anienor foramina of ihe infraorbital canal. In Mayulesios WM4. WPS and Winf are 
approximate because ol Ihe dorsoventral crushing of the skull. All measurements are in millimeters 



Lc 

Lr 

Lctr 

WP3 

WM4 

Winf 

Lr/Lc 

Lctr/Lc 

WP3/Lc WM4'lr Winf/Lc 

Mayulestes (MHNC P 1249) 

54 

20 

17 

11.5e 

11.5e 

14.8e 

0.37 

0.31 

0.21 

0.21 

0.274 

Borhyaena 1 (YPM PU 15 701) 

230 

76 

78.3 

37 

75 

58 

0.33 

0.34 

0.16 

0.32 

0.252 

Borhyaena 2 (YPM PU 15 120) 

195 

67.2 

71.3 

30 

63.5 

42 

0.33 

0.35 

0.14 

0.36 

0.251 

Prothylacynus (MACN 5931) 

171 

52.8 

- 

28 

48 

43.5 

0.31 

- 

0.16 

0.28 

0.254 

Cladosiclis (YPM PU 15170) 

158 

57.5 

59 

15e 

32 

- 

0.36 

0.33 

0.09 

0.205 

0.154 

Ctados<ctis{ YPM PU 15046) 

142 

52 

52 

15.5 

30 

- 

0.36 

0.36 

0.11 

0.21 

0.151 

Sipalocyon (AMNH 9254) 

112e 

39e 

38.5 

14.5 

21.5 

17 

0.348 

0.34 

0.13 

0.196 

0.151 


rior opening of the infraorbital canal. Further¬ 
more, in the Santa Cru/ borhyaenoids, die grea¬ 
ter concavity of the lateral side of the maxilla, in 
the region of the anterior foramen of the infraor¬ 
bital canal,, contributes to the narrowness of the 
rostrum and to its apparent length, In 
Mayulestes, the rostrum is not constricted at its 
base. Therefore, the rostrum of Mayulestes is rela¬ 
tively long (for a horhyaenoid) and robust but 
the palate is wider and shorter than in the 
Santa Cruz borhyaenoids. 

I he general morphology of the skull is close to 
that of the Rorhyaenidae, from which it differs, 
however, hv its much wider interorbital bridge. 
The absence of a supraorbital process is probably 
a piesiomorphic character since this structure is 
absent in several I,ate Cretaceous eutberialis 
from Mongolia {Asiuryctes, BtirtinlesU's , KctiUti¬ 
les tes) , and in the deltatheroidan skull from 
Gurlin Tsav (Kielan-Jaworowska & Nessov, 
1990; Szalay & Trofimov 1996).- It is absent in 
several didclphids. in caenolestoids. in several 
dasyutids and in peramelids, Among the other 
borhyaenoids, a distinct supraorbital process is 
also Jacking in Borhyaena although, ih this 
genus, the frontal bridge is greatly widened bet¬ 
ween the orbits. 

As in all die other borhyaenoids and in all gene¬ 
ralised fossil and living marsupials, Mayulestes 
retains the piesiomorphic condition of a large 
orbit confluent with the temporal fossa. 

The nasals of Mayulestes arc long and posteriorly 
flared. They have a broad contact with the lacri- 


mals, a piesiomorphic condition found in cyno- 
donis, tritvlodonuds, \ r mcelesics (Bonaparte & 
Rougier 1987), Morgamicodon (Kermack el al. 
1981), Sinoconodan (Crompton & Luo 1993), 
Haldanodon (l.illegraven & Krnsat 1991), 
Deltatheridium (Kielan-Jaworowslci 1975a), and 
Asiatberimn (Trofimov & Szalay 1994; Szalay & 
Trofimov 1996). Among marsupials, a 
nasal-lacrimal contact is present in all the 
borhyaenoids (except Thy/acosmi/us) and in 
Wynyardia. The derived character state is a 
maxilla-frontal contact which separates nasal and 
lacrimal. The condition ol Mayulestes is a plcsio- 
morphy within mammals. The nasolacrimal 
contact in Wynyardia (Gregory 1920) and the 
lack of contact in Thylacosmilus are regarded as a 
reversals. In the latter, this reversal is due to the 
liyperdevelopment of the maxillae related to the 
development of sabre-like canines. 

The lacrimal of Mayulestes has a large- facial 
wing, a piesiomorphic condition found in cyno- 
donts, / faldanoduu (l.illegraven & Krusat 1991), 
Morgamicodon (Kermack t't al. 1981). Sinocono- 
don (Crompton & l.uci 1993), Vincelestes 
(Bonaparte & Rougier 1987), Deltatheridium 
(Kielan-Jaworowska 1975a) and Pucadelphys 
(Marshall & Muizon 1995). Furthermore, the 
external lacrimal foramen is doubled -and opens 
within the orbit. This condition is plcsiomor- 
phic and it is present in cynodonts, Morgana- 
codon, Vincelestes , Deltatheridium and in the 
other borhyaenoids. This condition is present in 
most didelphids, except in Didelphis where the 
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external lacrimal foramina opens dorsolaterally 
just anterior to the anterior extremity of the 
orbit. In Thylacinus the external lacrimal fora¬ 
men is doubled and one foramen opens inside 
the orbit while the other opens clearly outside of 
the orbit anteroventrolaterally. The condition of 
Mayulestes is plesiomorphic within mammals. 
Mayulestes has no palatal vacuities as is observed 
in the other borhyaenoids, The presence of pala¬ 
tal vacuities shows an important variation within 
mammals. They are absent in cynodonts, 
Haldanodon (Lillcgraven & Krusat 1991), mor- 
ganucodontitfs (Kcrmack el al. 1981), Sirwcona- 
don (Crompton & Luo 1993), some multiruber- 
culatcs (Kawptobaatar, Chulsanbaatar , Lambdnp- 
sal/is , Tteniolabis ), Viurelestes (Bonaparte &: 
Rougicr 1987). Deltatberiditim (Kiel.m- 
Jaworowska 1975a) and in many marsupials 
[ Pucadelpbys , Caluromys, Spamssacytius , Dasycer- 
cus , Dasyuroides , some species ol Sminthopsis and 
Antecbinus, Myrmrcobius, Daelylopsild, Feta urns 
and Dactylonax (Marshall 1979b)]. They are 
generally absent in eutherian.s (except lepnrid 
lagomorphs, some rodents, macroscelids, erina- 
ccids, and Carpalestes). Palatal vacuities are also 
present in some mulrituberculates ( Nemegt- 
baatur, Sloanbaatar, Bulgaid/aatar, Ptilodus ), in 
the Deitathetoida from Gutlin Tsav (Kielan- 
Jaworowska & Nessov 1990; Szalay &C Trofimov 
1996), in Asiatherium (Trofimov & Szalay 1994; 
Szalay & Trofimov 1996) and in most living and 
fossil marsupials (Marshall 1979b; Reig et al. 
1987). fox & Naylor (1995) recently observed 
the presence of palatal vacuities in stagodontids 
(Eode/phis and Didclpbodoti) and in Alphadou. 

The palatal vacuities are generally regarded as 
plesiomorphic (or marsupials (Tyndale-Biscoe 
1973; fox & Naylor 1995). However, Marshall 
(1979b), Archer (1982) and Marshall & Muizon 
(1995) .stated that, since the maxillae and palati¬ 
ne hone in the developing skull of marsupials 
were generally not fenestrated (Parker (1886) 
noted that the fenestration occurs larer in onto¬ 
geny' by bone resorption], a solid palate was pro¬ 
bably the plesiomorphic state for mammals. The 
high degree of variability in the presence or 
absence of palatal vacuities in mammals, as well 
as embryological observations, suggests that 
these structures probably appeared several times 


independently in and within each group, which 
therefore significantly reduces their phylogenetic 
value, Mayulestes and Pucadelpbys retain the ple¬ 
siomorphic condition for mammals. 

The pterygoid and postpalatine region of the 
skull of Maytdestes is significantly different from 
that of the other borhyaenoids. The choanal 
fossa of Mayulestes is relatively wide and short 
anteroposteriorly. Its walls ate formed essentially 
by the pterygoids, they are high and thtrj. The 
pterygoids have a large, hook-like hamular pro¬ 
cess which overhang (in ventral view) the basis- 
phenoid and the alisphenoid. In the Dcscadan 
and Samacruzian borhyaenoids (Mayulestes is the 
only pre-Deseadan borhyacnoid whose complete 
skull is known), the choanal fossa is long and 
narrow anteroposteriorly. Its walls are low, thick 
and formed by two bony layers, on the one hand 
the pterygoid medially, on the other hand the 
palatine nntcrolatcrall)’ and the alisphenoid pos- 
tcrolatcrally. The lateral side of the wall shows a 
thick anteroposterior buttress- The bottom of 
the choanal fossa is roofed by rhe pterygoid. The 
hamular processes of the pterygoids arc cither 
lost or very reduced. As a consequence of that 
morphology, the plane of the palate passes 
smoorhly ro the basioccipital without the strong 
difference of level observed in Mayulestes because 
of the presence ol very salient hamular processes. 
Therian pterygoids arc fragile bony plates sel¬ 
dom preserved in fossils and unknown in 
Palaeogene or Cretaceous marsupials (excepL 
Mayulestes). In the living didelphids, the ptery¬ 
goids are very fragile small bony blades (often 
lost during preparation) which still retain a 
hamular process, although much smaller than in 
Mayulestes. Well-developed pterygoid laminae 
and hamular processes ate present in Bantn/estes 
(Kielan-Jaworowska & Trofimov 1980) and 
Asiotycres (Kielan-Jaworowska 1981). The condi¬ 
tion observed in these Late Cretaceous eutlie- 
rtans suggests that a pterygoid with well- 
developed ventral lamina and hamular process 
probably represents the plesiomorphic condition 
for therians. Therefore, Mayulestes retains the 
plesiomorphic condition; it is more plesiomor¬ 
phic than the other Borhyaenoidea and the 
Didelphidae. As stated by Muizon (1994), the 
loss of the hamular process of the pterygoid is a 
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synapomorphy of the other borhyaenoids. 
However, it is noteworthy that a morphology 
similar to that of the other borhyaenoids is pre¬ 
sent in Thy lac in us although, in this genus, the 
pterygoid plate is higher. 

The jugal of Mayulestes, ns in fossil and living 
marsupials, reaches the glenoid fossa posteriorly 
and forms a preglcnoid process which receives 
part of the articular surface. This condition is a 
plesiomorphy for therians (Marshall & Muizon 
1995) which is also found in Vincelestes , the del- 
tatheroidan skull from Gurlin Tsav, and some 
eutherians. In spite of its plesiontorphic nature 
this feature was retained by Marshall &r 
Kielan-Jav/orowska (1992) as a synapomorphy of 
the Meiatheria (including Deltarheroida). 

The alisphenoid of Mayulestes has a large suture 
with the parietal. This character state is present 
in the Late Cretaceous eutherians Asioryctcs and 
Kennalestes and in the eupantothere, Vincelestes. 
Among marsupials, it is present in fossil and 
living didelphids (including Pucadclphys ), in 
some borhyaenoids [ AiayulestesSallacyon , 
Sipaloryon (Archet 1976), No to gale (MNHN 
SAL 271), Paraborhyaena (MNHN SAL 51)], in 
myrmecohiids and most dasyutids (Archer 
1976). It is absent in some borhyaenoids 
(Borhyaena,. Prothylacynus)>. thylacinids, perame- 
lids, vombands, in some phascolarctids and some 
dasytirids (Archer 1976). Mayulestes therefore 
presents what is regarded here as the plesiomor- 
phic state for the Thcxia. 

The alisphenoid of Mayulestes makes a small 
contribution to the anteromedial angle of the 
glenoid fossa (enroglenoid process of the alisphe- 
noid of Clemens (1966: 73)]. A much larger 
contribution is also present in all didelphids, in 
caenolestokls, in microbiotheres, in peramelids, 
in dasyuroids (smaller), in some pernmeloids and 
in several phascolarctoids (smaller). The alisphe¬ 
noid does nor participate in the glenoid fossa in 
the other borhyaenoids, in stagodontids, in 
Hondadelphys and in most phalangerifornts. In 
Vincelestes, the alisphenoid does not contact the 
glenoid fosSa ot the squamosal and the feature is 
therefore irrelevant in this genus. HovVevCr, it. is 
noteworthy that, in Vincelestes, a similar partici¬ 
pation to the anteromedial angle of the glenoid 
fossa is achieved by the anterior lamina of the 


periotic. It is interesting to note here that the 
anterior lamina of the periotic has been regarded 
by Presley & Steel (1976) and Presley (1981) as 
homologous with the blade of the alisphenoid. A 
participation of the alisphenoid to the anterome¬ 
dial angle of the glenoid fossa is interpreted here 
as a plesiomorphic character state within marsu¬ 
pials, which disappears independently in several 
lineages. Mayulestes retains the plesiomorphic 
condition within the borhyaenoids and marsu¬ 
pials. In Recent didelphoids. the alisphenoid is 
perforated by the foramen rotundum, the large 
foramen ovale, the entocarotid canal, and, when 
present, the t ransverse canal. 

There is no transverse canal in Mayulestes. This 
structure is also absent in some borhyaenoids 
{Sipaloryon, Borhyaena and Prothylacynus). 
However, Marshall (1977b: 639) noted in 
Lyeopsis a '‘tiny foramen [...] which appears to 
represent a rudimentary transverse canal" and a 
probable transverse canal is. present in Notogale 
(MNHN SAL 271) from Salla-Luribay (Bolivia) 
and in Cladosictis (YPM PU 15705). There is no 
transverse canal in morganucodonrids, multiiu- 
bereulates, Deltatherotda, in the Late Cretaceous 
eutherians from Mongolia, in some didelphids 
(Calufontys), in some dasyurids (some species of 
P/atiiga/e). A Transverse canal is presenr in most 
didelphids, most dasyurids, myrmecohiids: per- 
amelids and thylacynids. On the basis of the 
important variation in its size and morphology, 
Marshall S C Muizon (1995: 71) have-stated 
(i contra Archer 1976) that the lack of transverse 
canal was likely to be a plesiomorphy fur marsu¬ 
pials and that this structure probably appeared 
several times during marsupial evolution. The 
absence of transverse canal in Mayulestes would 
support this statement. 

The term foramen ovale requires some discus¬ 
sion. In this work it is used to designate the fora¬ 
men which transmits the mandibular branch of 
the trigeminal nerve without consideration of 
the bones surrounding it {sensu Kielan- 
Jaworowska et aI. 1986). In Vincelestes (Early 
Cretaceous eupantothere), the foramen ovale 
pierces the anterior lamina of the periotic, in 
Pucadelphyi and Mayulestes (early Palaeocene 
marsupials) it is limited by the alisphenoid ante¬ 
riorly and by the periotic posteriorly, in 
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Asioryctes and Kermalestes (I.are Cretaceous 
eutherians) it only pierces the alisphenoid. The 
designation foramen pseudovale has a variable 
definition according to authors (MacIntyre 
1967; Archer 1976). Mclnrytc (1967) called 
foramen pseudovale in eutherians the foramen 
resulting in rhe fusion of the true foramen ovale 
(totally enclosed by rhe alisphenoid and.the fora¬ 
men lacerum medium). For Archer (1976, 
1982), the foramen pseudovale in marsupials is 
the foramen called foramen ovale in this study, 
i.e. limited by the alisphenoid anteriorly and by 
the periotic posteriorly and through which the 
V3 nerve exits the skull (Archer 1976, 1982). In 
fact, the plesiomotph condition for marsupials is 
very probably that of Pncadelpbys and Maytdestes 
(which is also present in recently discovered 
skulls of Andfnodelpbys from rhe eatly PaJacoccnc 
of Tiupampa). The derived condition for marsu¬ 
pials (found, for example, in Didelphis) is the 
formation of a short canal (the canal of the fora¬ 
men ovale) in the alisphenoid which totally 
encloses the V3. The postcrodorsal opening of 
the canal is the primitive true foramen ovale 
found in Pucadelphys and Maytdestes. It is clearly 
observable on a cerebral view of the basiernnium 
of Didelphis. Since it represents the plesiomotph 
condition I suggest not to give it the name pseu¬ 
dovale. The anterovemral opening of the canal is 
a secondary formation which, in fact, would bet¬ 
ter deserve the name pseudovale than the poste- 
rodorsal opening. In order to avoid confusion 
with McIntyres foramen pseudovale (fusion of 
foramen ovale and foramen lacerum medium),, 
the name of secondary foramen ovale is more 
appropriate for the anterovemral opening of the 
canal of the foramen ovale (Wroe 1997), 

The consequence of the formation of :t canal of 
the foramen ovale is a superficial separation of 
the foramen ovale from the foramen lacerum 
medium. This condition is probably indepen¬ 
dent of the development of a tympanic process 
of the alisphenoid since Protbylacynus has a canal 
of the foramen ovale and a secondary foramen 
ovale although this genus did not develop a tym¬ 
panic process of the alisphenoid. The lack of the 
tympanic process of the alisphenoid and a fora¬ 
men ovale which opens between the alisphenoid 
and the periotic are regarded here as plesiomor- 


phic conditions in Mayulestes and Pncadelpbys. 
This interpretation is reinforced by the fact that 
Hopson & Rougicr (1993: 289) stated that the 
didclphid condition of the cmbryologicai deve¬ 
lopment of the alisphenoid and its relationships 
with the three branches of the trigeminal nerve 
represents the plesiomotphic condition for mar¬ 
supials and, by exrension, for all living rhetians. 
In Mayulestes the foramen lacerum medium is pos¬ 
sibly confluent with the foramen ovale, a condi¬ 
tion observed in Borhyaena and the dasyurids 
(Marshall 1977a), which, therefore, would possess 
a true foramen pseudovale (setisu McIntyre 1967). 
This condition is absent in the Didelphidae and 
in Pncadelpbys , and if actually present in 
Maytdestes is regarded here as apomorpliic. 
Mayidcstes has no tympanic process of the alis¬ 
phenoid. The absence of this structure in some 
bothyacnoids ( Borhyaena , Pro tby lacy a us, Lycopsis) 
and in Pucadelphys has been regarded as a deri¬ 
ved condition (Marshall & Kielan-Jaworowska 
1992). However, Mutton (1994) has suggested 
that the absence of alisphenoid bulla in the 
oldest known skulls of borhyaenoid (Maytdestes) 
and didelphoid (Pucadelphys and Andmodelpbys) 
seems to indicate that the condition in the three 
genera is plesiomotphic, thus indicating that a 
tympanic process of rhe alisphenoid evolved 
several times independently during marsupial 
history. There is no tympanic process of the alis¬ 
phenoid in Borhyaena, Protbylarynus, I.ycop.sis, 
Sallacyon (possibly) Paraborhyacna and Thyla- 
cosmilus. Its occurrence in the genera Cladosictis , 
Sipalocyon and Notoga/e (MNHN SAL 271) is 
regarded here as a synapomorphy of rhe 
Ilathliacynidae (Muizon 1994). 

Mayidcstes- does not have a rostral tympanic pro¬ 
cess [senstt Wihlc (1990) = tympanic wing of the 
petrosal part of the periotic setisu Archer 
(1976a)] However, the small tubercle anteroven- 
tral to the fenestra cochleae is probably homolo¬ 
gous to rite rostral tympanic process. A condition 
similar to that of Mayulestes is observed in 
Sipalocyon and Protbylacynus (nor in CJadosictd). 
Wible (1990: 199) observed in Borhyaena a 
“ridge resembling that of petrosal Type A” (a 
Late Cretaceous petrosal from Bug Creek 
Anthills, Montana). In an undescribed basicra- 
nium (MNHN SAL 271) from the late 
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Oligocene of Salla Luribay (Bolivia), referred to 
Notogah, a clear ridge is present on the medial 
side of the promoniorinm. In Paraborhyaena, the 
periotic bears a strong vent rally projecting pro¬ 
cess but, because of the important modifications 
of the auditory region of this genus (probably of 
the family), it is not certain that it is homologous 
to the rostral tympanic process ol other marsu¬ 
pials. Pucadelphys, an early Palaeocene didel- 
phoid, has a smooth promqntorittnt while all the 
other members of the superfamily have a rostral 
tympanic process. A rostral tympanic process is 
present in monotremes, mutiruberculates, most 
marsupials and in some eutherians. The homolo¬ 
gies of that structure are not simple, since, as 
mentioned bv Wible (1990: 199), processes on 
the promontorium result from several different 
ontogenies in Recent mammals. This author 
regards the lack of tympanic process as a plesio- 
morphy and concludes that “rostral tympanic 
processes of the petrosal have evolved indepen¬ 
dently a number of limes within these mamma¬ 
lian taxa’ (Wible 1990: 199). Therefore. Wible’s 
assertions are corroborated by the morphologies 
of Mayulestes and Pucadelphys (which have no 
true rostral tympanic process) and by the obser¬ 
vation ol an undoubted rostral tympanic process 
in Notoga/e (MNHN SAL 271), which demons¬ 
trates that this structure appeared at least twice 
independently in marsupials. This is not surpri¬ 
sing, since the presence of a tostral tympanic pro¬ 
cess is probably at least partially related to the 
presence of a tympanic process of the alisphenoid 
and/or of an alisphenoid hypotympanic sinus 
and, as stared above, the alisphenoid process is a 
structure that is likely to have evolved indepen¬ 
dently several times within marsupials. 

The epitympanic recess and the alisphenoid 
hypotympanic sinus are structures which require 
special comments. The epirympanic recess is the 
“extension of the middle ear cavity which lies 
dorsal to the tympanic membrane and contains 
the mallear-incudal articulation’ (Wible 1990: 
188; see also Van der Klaauw 1931: 73; Archer 
1976“ 226). The posterior extremity of the cpi- 
rympanic recess is the fossa incudis or fossa crus 
breve incudis, a deep and narrow pit where the 
ligament of the crus breve of the incus attaches. 
In all marsupials, except Pucadelphys and 


Andinudelphyu anterior to the epitympanic recess 
is a bony sinus excavated in the alisphenoid and 
floored by the tympanic process of the alisphe¬ 
noid (absent in several borhyaenoids). It is the 
alisphenoid hypotympanic sinus. In the didel- 
phoids (which are commonly regarded as bearing 
the basic plesioinorphic pattern for living marsu¬ 
pials), the epitympanic recess and the alisphe¬ 
noid hypotympanic sinus are separated by the 
petrosal crest, The posterior slope of i he crest is 
excavated by the epitympanic recess and the 
anterior slope by the posterior part of the alis¬ 
phenoid hypotympanic .sinus. The roof of the 
sinus is formed by the alisphenoid. The postero- 
dorsal border of the roof abuts against the ante¬ 
rolateral holder of the periotic at the base of the 
anterior shape of rhe petrosal crest. The result is 
that the posterior part ol the roof of the sinus is 
formed by the periotic. The cavity ol rhe periotic 
of Drdc/pbis virginianu , named epitympanic 
recess by Wible (1990; fig. 4A) is in lact the pos¬ 
terior extremity of the alisphenoid hypotympa¬ 
nic sinus (see above). The same is probably true 
for rhe periorics illustrated in his figs 21*, 5B and 
D. The epitympanic recess is located posterior to 
the petrosal crest which is clearly observable in 
his figs 4A, 5A and C. 

The alisphenoid hypotympanic sinus of 
Mayulesics is made of three componenrs: the 
petrosal, the alisphenoid, and the squamosal 
(Fig. 45 and see description above). The partici¬ 
pation of the squamosal to the sinus has been 
noted by Archer (1976) in three other borhyae¬ 
noids ( Sipalocyon , Prothyhtcymis and Borbyaena). 

I have also observed it in these three genera as 
well as in Cladosictis (Muizon 1994: 210, contra 
Archei 1976: 292), in Salbnyon , in No toga le 
(MNHN SAL 271) and in Paraborbyaena , The 
portion of the squamosal involved partially 
( Mayulesics) or totally (other borhyaenoids) in 
the formation of the sinus is what has been 
named by Muizon (1994) the medial process of 
the squamosal (Fig. 45). A participation of the 
squamosal to the construction of the alisphenoid 
hypotympanic sinus is apparently absent from all 
the other marsupials, Pucadelphys andinus , a 
didclphoid from the early Falaeocene, also has a 
medial process of the squamosal but, in this spe¬ 
cies, there is no alisphenoid sinus (Fig. 46). A 
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Fig. 45. — Auditory region of; A, Mayulestes; B, Sallacyon ; C, Cladosictis (tram Muizon 1994, modified). Abbreviations: aca, anterior 
crest of the alisphenoid hypotympanic sinus: AL, alisphenoid; ap, alisphenold portion of the alisphenoid hypotympanic sinus; 
are, articular ridges ofihe squamosal for aniculation of the cctotympanic; dwto. dorsal waif of the foramen ovale; el, enlocarotid 
foramen, epa. entoglenoid process ol the alisphenoid; er epitympamc recess; fc, fenestra cochleae; fo, foramen ovale; fj, fossa 
incudis; gf glenoid tossa;. It, lateral trough, mp, mastoid process: mps, medial process ol Ihe squamosal; pap. paroccipltal process, 
pgf postglehord foramen; po, promontorium; pp, petrosal portion ol the’ alisphenoid hypotympanic sinus; ptc. petrosal crest; 
sica, sulcus for the internal carotid artery; sjv, sulcus for ihe internal jugular vein; sp, squamosal portion of the alisphenoid hypotym¬ 
panic sinus, SO, squamosal; tpa, tympanic process-of Ihe alishenoid. Dulled Ijne on figure 45C indicate the e>ctension of the medial 
process ol Ihe squamosa) hidden by the tympanic process of the alisphenoid. Not to scale. 


similar condition is present in Andinodelphys 
(Muizon et ttl. 1997)- In Mayulestes , a generalised 
borhyaenoid, the participation of the alisphenoid 
to the sinus is small while rhe periotic and the 
squamosal portions are much larger (Fig. 45). In 
younger borhyacnoids ( Sallacyon, Notngale, 
Sipalocyon and Cladosictis), the enlargement of 
the sinus is mainly due to the increase in size of 
the alisphenoid participation, In the borhyae- 
noids which do not have a tympanic process of 
the alisphenoid, the alisphenoid sinus is opened 
ventrally and develops dorsally and anteriorly 
within the lateral wall of the skull. It may he 
small (Pro thy lacy nils), medium-sized ( Sallacyon , 
Borhyaend) or very large ( Pnraborhyaena ). 
Prothylacytius, Sipalocyon , Cladosictis and 
Baraborbyaena have a canal of the foramen ovale 
and a seconday foramen ovale, torally surroun¬ 
ded by rhe alisphenoid, contrary' to the condi¬ 
tion of Mayulestes. In Borbyacna , the condition is 
similar ro that of Mayulestes since the foramen 
ovale is probably confluent with the foramen 
lacerum medium, therefore partially bordered by 
the periotic. In fact, it is possible tn derive most 
of the borhyaenoid alisphenoid morphologies 
from a Mayulestes nrorphotype, which probably 
represents the plesiomorphic condition. In 


Sallacyon, rhe sinus is deeper than in Mayulestes 
but the organisation of its components (aJisphe- 
noid, squamosal, and periotic) is basically similar 
to that ill Mayulestes-, the alisphenoid hypotym¬ 
panic sinus is excavated anterodorsally in the 
medial process of the squamosal, posteriorly in 
the periotic and medially in the alisphenoid. 
However, because of the inadequate preservation 
of the only known specimen, the absence of a 
tympanic process of the alisphenoid and the 
condition of the foramen ovale are uncertain. In 
Borhyaena and Prothylacynus, the alisphenoid 
sinus develops anterodorsally and “pushes” the 
medial process of rhe squamosal within the alis¬ 
phenoid, the anterior part of the sinus is still 
excavated in the medial process nf the squamosal 
which is underlain by the alisphenoid; in 
Borhyaena, the foramen ovale probably has the 
same pattern as in Mayulestes [the only' specimen 
(YPM PU 1.5120) available during this study is 
partially broken in this region of the skull]. In 
Para borhyaena, the sinus further develops (ante- 
rodor.somcdially) as a conical cavity which dee¬ 
ply penetrates the alisphenoid lar anterior to the 
medial process of the squamosal; the latter is 
Totally internal to the sinus and forms its poste¬ 
rolateral wall internally; the anteroventral parr of 
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the sinus is excavated in the alisphenoid; the pas¬ 
sage of the V3 is totally enclosed within the alis¬ 
phenoid and there is a secondary foramen ovale. 
Thylacosmilus also has a large, anterodorsally 
developed alisphenoid sin us as evidenced by a 
rubber cndocast of the middle ear cavity of 
I'MNH ? 14344 (Turnbull & Scgall 1984, 
fig. 7). In Sijiiilocyou , Cladasietts and Notogale, 
the pottion of the alisphenoid anterior to the 
medial process of the squamosal develops ven- 
trally and posteriorly, underlies it and projects 
posteriorly in a well-dcvclopcd tympanic process 
which floors the sinus; the ventral and most of 
the dorsal parts of the sinus arc excavated in the 
alisphenoid; the anterolateral part of the sinus is 
excavated m the squamosal. The periotic portion 
of rhe sinus is small when compared to the 'alis¬ 
phenoid and squamosal portions. There seems to 
be, therefore, two transformation patterns to the 
increase of rhe alisphenoid sinus in the borhyae- 
noids: (1) an anterodorsal expansion which exca¬ 
vates the alisphenoid; (2) the posterovcntral 
development of a tympanic process of the alis¬ 
phenoid. Therefore, strictly speaking, the sinus 
of Mayulestes and horhyaenoids of the first pat¬ 
tern, which is situated above the tympanic mem¬ 
brane, is an alisphenoid epitympanic sinus while 
that of the horhyaenoids of the second pattern, 
located mostly below the tympanic membrane, is 
physically consistent with the term alisphenoid 
hypotympanic sinus. Furdiermorc, the term alis¬ 
phenoid is not very appropriate in the case of the 
horhyaenoids since rite sinus is never excavated 
exclusively in this hone, in Mayulestes the alisphe¬ 
noid portion of the sinus is even the smallest of 
the three. 1 lowevet, as mentioned above, this term 
is commonly used by authors (Van der Klaauw 
1931; Archer 1976; Fetter & Hoffstetter 1983) 
and it is retained here in order to avoid confusion. 
Pucadelphys avdinus (early Palaeocene), the 
oldest didelphoid whose skull is known, does not 
have any auditory sinuses, a condition which has 
been regarded as plesiomorphic for marsupials 
(Marshall & Muizon 1995). An alisphenoid 
hypotympanic sinus is present in all the other 
marsupials. Contrary ro statements by 
Marshall 8t Muizon (1995), the sinus is not 
absent in some horhyaenoids; it is only small (or 
reduced) in Prothylacynus and Lycopsis. 


Pucadelphys and Mayulestes (as expressed above) 
are respectively the most plesiomorphic marsu¬ 
pial and the most plesiomorphic borhyaenoid for 
this character state. 

Comparison of the alisphenoid hypotympanic 
sinus ol Mayulestes to that of other horhyaenoids 
reveals several evolutionary trends of the superfa¬ 
mily: (1) increase of die size of die alisphenoid 
hypotympanic. sinus; (2) increase of the size of 
the alisphenoid portion of the sinus; (3) tenden¬ 
cy to cover the sinus ventrally either by antero- 
dorsal penetration within the alisphenoid or by 
posterovcntral development of a tympanic pro¬ 
cess of the alisphenoid; (4) tendency to isolate 
the foramen ovale from the foramen Liccrum 
medium and to enclose the course of the mandi¬ 
bular nerve within the alisphenoid. 

As noted above, the horhyaenoids, Pucadelphys 
(Fig. 46), and Andinodelphys (Muizon el at. 
1997) have a conspicuous medial process of the 
squamosal, a medial prolongation of the glenoid 
fossa of the squamosal which contacts the perio¬ 
tic or the alisphenoid anterior to the epitympa¬ 
nic recess, which reaches (altnosr in Mayulestes ) 
die lateral border of the foramen ovale medially 
(this feature disappears secondarily when the 
alisphenoid encloses the foramen ovale), and 
which participates to the formation of the alis¬ 
phenoid hypotympanic sinus in the former. All 
horhyaenoids hear such a process ( Mayulestes , 
No id gale, Sipulocyon , Cladosictis , Borhyaena , 
Prothylacynus, Lycopsis, Para bar hyaena). This fea¬ 
ture apparently absent in Didclphodon 
(UCMF 53896; Clemens 1966) and Eadelphis 
(AMNU 14169) (Matthew 1916), I have no 
indication on the condition in die Deitatheroida 
from Gurlin Tsav, and the holotype of 
Asiatherium is too crushed to allow its observa¬ 
tion. A medial process of die squamosal is absent 
in the other marsupials, in Morganucodon 
(Ketmack et al. 1981), in S'moconodon 
(Crompton & Luo 1993), in multituberculates 
(Kjelan-Jaworowska et al. 1986; Miao 1988, 
1993), in Vhuelestes (Rougier et al. 1992), and in 
Asioryetrs From the Late Cretaceous of Mongolia 
(Kiclan-Jaworowska 1981). Therefore, this 
feature is probably a synapomorphy within mar¬ 
supials. 

The presence of an alisphenoid hypotympanic 
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Fie. 46. — Auditory region of Pucaaelphys (photo of right side of YPFB Pal 6110) to show the medial process of the squamosal. 
Scale bar: 2 mm. 


sinus partially formed by the squamosal has been 
regarded as a synapomorphy of the Borhyaenoi- 
dea and the presence of a medial process of the 
squamosal has been regarded as a synapomorphy 
of Pucadelpbys + Anditwdclpbys f Borhyaenoidea 
(Muizon eta/. 1997). However. Pucadelpbys has 
been referred to the Didelphiclae by Marshall & 
Muizon (1995) on the basis of its dental mor¬ 
phology. If this assignment is correct, then 
Pucadelpbys is the sister-group of the other didel- 
phids in which the medial process has been lost. 
But one could also question the value of the den¬ 
ial characters used to refer Pucadelpbys to the 
Didelphidae. In fact, the major features’ conside¬ 
red by Marshall & Muizon are the V-shaped cen- 
trocrista and the metacone larger than the 
paracone. These features have been seriously 
questioned by Cifelli (1990a: 315; 199Qb: 328) 
as characters unique ro didelphids since this 
author demonstrated that they very probably 
evolved independent!}’ several times among 
North and South American marsupials (see also 
Marshall ft al. 1990, fig. 4), Furthermore, as 
noted above, Pucadelpbys does not have the 
major tarsal synapomorphies of didelphids: the 


loss of the calcaneofibular (CaFi) articular facet 
which is clearly present in Pucadelpbys and rhe 
presence of a proximal calcaneocuboid (CaCup) 
facer, tv is therefore probable that Pucadelpbys 
andinus is- not a didelphid as stated by 
Marshall & Muizon (1995) but belongs to a dis¬ 
tinct clade (sister-group of the borhyaenoids) 
and which independently acquired a V-shaped 
centrocrista (a meracone larger than the para¬ 
cone is also found in borhyaenoids) and a 
well-developed stylar cusp C. (absent in the 
borhyaenoids). Attribution of Pucadelpbys andi¬ 
nus to a new family would explain the presence 
in this species of some plesiomorphic features, 
unique among marsupials [lack of auditory 
sinuses, lack of tympanic process of the alisphe- 
noid (shared with Mayulestes ), presence of a 
small anterior lamina of the periotic] and absent 
in all didelphids. However, if Pucadelpbys is 
actually a didelphid (or belongs to the didelphid 
sister-group), it is also possible that the develop¬ 
ment of an alisphenoid sinus in the didelphids 
was achieved with exclusion of the medial pro¬ 
cess of the squamosal which got reduced because 
of the increase in size of the alisphenoid in that 
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region of rhc skull. In the borhyaenoids, the 
development of the alisphenoid sinus has inclu¬ 
ded the medial process of the squamosal. 
Therefore, Pucadelpbys would represent rhe ple- 
siomorphic condition for didelphoids. If this 
interpretation is correct then the didelphoids 
(including Pucadelpbys and Andinodelphys) would 
represent the sister-group of the borhyaenoids 
(Muizon ft til. 1997). 

Therefore, given the fact that none of the 
non-dental synaponlorphies of didelphids are 
present in Pucadelpbys and considering the weak¬ 
ness of the dental synapotnorphies (see above) I 
formally include Pucadelpbys in a new supragene- 
ric taxon distinct ftom the Didelphidae: the 
family I’ucadelphydae new. Andinodelphys is 
very probably also a Pucadelphydae. However, 
since the study of its cranial anatomy is still in 
progress, the diagnose of the new family is res¬ 
tricted here to that of the species Pucadelpbys 
andinus. The Pucadelphydae arc regarded here-as 
Didelphimorphia (senstt Marshall et at, 1990) 
and probable members of the superfamily 
Didelphoidea. However, it is noteworthy that 
much of the early history of marsupials is known 
by teeth, and it is clear that the discovery of 
major cranial remains of such taxa as Alpbadoiu 
Peradectes or Pediomys would probably radically 
change our poor understanding of early marsu¬ 
pial evolution. 

Because of the presence of a medial process of 
the squamosal, which relates Pucadelpbys to the 
borhyaenoid-S, the latter could possibly have their 
origin within unspecialised didelphoids (i.e. a 
Pucadelpbys- like form without dental specialisa¬ 
tions) or within their primitive sister-group 
(Muizon ct al. 1997) This short discussion 
demonstrates again how hazardous it is to 
construct a phylogeny based on teeth only and 
how cranial and postcranial remains of early 
marsupials are needed to provide a safer approa¬ 
ch to the origin and early history of the group. 
The periotic of Pucadelpbys , didelphids, caeno- 
lestoids and some dasyurids bears a small prootic 
canal for the transmission of the prootic canal 
vein which unites rhe lateral head vein (which 
passes in the posterior part of the facial sulcus) 
and the prootic sinus, a primary tributary of the 
lateral head vein (which runs in a sulcus on the 


lateral side of the periotic and is' bordered lateral¬ 
ly by the squamosal). The prootic sinus exits the 
skull through the postglenoid foramen, via the 
sphenoparietal emissary vein. The medial ope¬ 
ning of the prootic canal is situated in a groove 
of the lateral side of the facial sulcus (a relict of 
the lateral trough of morganlicodontids), poste¬ 
rolateral to the secondary facial foramen. The 
lateral opening of the prootic canal is in the ven¬ 
tral extremity of the sulcus for the prootic sinus, 
on the lateral side of the periotic. The prootic 
canal of marsupials passes dorsal to the petrosal 
crest and anterodorsal to the cpltympanic recess. 
Among fossil marsupials, a prootic canal is pre¬ 
sent in Pucadelpbys , in Andinodelphys , in petrosal 
of types A, B, C and D of Wible (1990), Its pre¬ 
sence in Didelpbodon cannot be confirmed since 
the corresponding part of the only known perio¬ 
tic of this taxon is broken (Wible 1990). The 
lack of-a prootic canal in Mayulestes and in the 
other borhyaenoids is a synapomorphy of the 
superfamily. However, it is likely that this loss 
occurred several times during marsupial evolu¬ 
tion (some dasyuroids, peramcloids, notoryc- 
toids and diprotodonts do not have a prootic 
canal), which therefore considerably reduces its 
phylogenetic value. 

The ectotympanic of the holotypc and unique 
specimen of Mayulestes fernx has been lost during 
fossilisation. Archer (1976a: 293) noted in 
Cladasictis a unique articulation of the ectotym- 
panic whose 'main body is iutergrown laterally 
with the squamosal and ventraliy with the tym¬ 
panic wing of the alisphenoid". As he stated, this 
condition is unique among mar.supicarnivores. I 
have observed It in Cladasictis (YPM PU 1 5170), 
Paraborhyaena (MNHN SAL 5H and Notogale 
(MNHN SAL 271). where the ectotympanic was 
preserved in situ (Fig. 47 ). I have personally 
removed the tympanic ol YPM PLJ 15170 
(Cladasictis patagonirus) which was - still in 
contact with the squamosal. The articulation of 
die ectotympanic with rhe squamosal is characte¬ 
rized by several interlocking ridges and grooves. 
So, even if rhe ectotympanic is lost during fossi- 
lisation, it is still possible to know if this peculiar 
feature was present or not. 1 have observed ridges 
and grooves on the posteromedial angle of the 
glenoid fossa and on the medial side of the 
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Fig. 47. — Auditory region of Notogale (MNHN SAL 271) to show lhe ectotympanic interlocked with the squamosal. Scale bar: 5 mm. 


medial wall of the postglenoid foramen (the 
location of the ecrotympaniosquamnsal articula¬ 
tion) in Protbylacynus (YPM PL T 15700), 
Borhyaena (YPM PU 15120), Sipalocyon 
(AMNH 9254) and Sallacyon (MNP1N 
SAL 92). It is apparently absent in Thylacosmilus. 
However, considering the hypcrspccialisation of 
the ear region of that genus, it is possible that 
this feature was lost in this taxon. As mentioned 
above, the case of Mayulestes is difficult since it 
seems to be intermediate between that of didcl- 
phids and that of the other borhyacnoids. 
However, the condition of Mayulestes is closer to 
that observed in didelphids and certainly not as 
specialised as in the other borhyacnoids. 
Mayulestes therefore retains a plesiomorphic 
condition wirhin the Borhyaenoidea and ir is not 
certain that this feature was even incipicntly 
developed in this genus. 

The periotic of Mayulestes has a large pars inas- 
roidea which greatly contributes to the occiput. 
This is a plesiomorphic condition which -also 
exists in several Late Cretaceous and Palaeocene 
marsupials (Eodelphis, Didelphudon, petrosal 
type A and B of Wihle (1990), Pucadelphys). 
This feature is also found in didelphids, caeno- 
lestoids and most dasyuroids. All the other 
borhyaenoids have a reduced pars mastoidea, 
internal to the braincase and wedged between 


tbe squamosal and the exoccipiral. Mayulestes 
retains the trihosphenief plesiomorphic condi¬ 
tion. Among the other borhyacnoids, the occi¬ 
put is formed by the occipital only in Cladosictis, 
Sipalocyon and Notogale. A large contribution of 
the squamosal to the occiput (in the place of the 
pars mastoidea) is observed in Borhyaena , 
Pro thy lacy n us, Pumborhyaena (contra Muizon. 
1994) and Thylacosmilus. In this genus, the squa¬ 
mosal participation to the occiput is smaller than 
in the other three genera hut this is probably 
related to its very special tympanic bulla (see 
Muizon 1994 and below). 

The presence of a small true mastoid process and 
the absence of paroccipital process in Mayulestes 
is a ple.siomorphy within mammals (Marshall & 
Muizon 1995). In the other borhyacnoids, since 
the reduced pars mastoidea is internal to the 
braincase, the (so-called) mastoid process docs 
not contain any element of the pars" mastoidea of 
the periotic but is formed by the adjunction of 
the paroccipital process of the exoccipiral and 
the posttympanic process of the squamosal. It is 
medium-sized in Prothylacynus and Parabo- 
rhyaena. It is relatively large in Borhyaena where 
ir is excavated anteriorly by a paroccipital hypo- 
tympanic sinus. It is well-developed and projects 
anteroventrally in Cladosictis, Sipalocyon and 
Notogale. The extreme condition is present in 
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Thylacosrnilus where the anterior projection of 
the posttympanic and paroccipital processes is so 
hypertrophied that rhey contact respectively the 
squamosal and the alisphenoid medially to the 
postglenoid process and completely floor the 
tympanic cavity. There is no tympanic process of 
the alisphenoid in Thylacosrnilus. 

Conclusions on the skull 

The major phylogenetic contribution of the new 
borhyaenoid is a better understanding of marsu¬ 
pial and borhyaenoid synapomorphies, Although 
tempting, 1 shall not consider here the phyloge¬ 
netic relationships of the superfamily as a whole 
since this study will be undertaken in a work in 
progress which includes descriptions of the basi- 
crania of Sallacyon hojjstetteri (MNHN SAL 92) 
and Notogale (MNHN SAL 271). The new data 
provided by these specimens allow the establish¬ 
ment of a phylogeny' of the Borhyaenoidea 
represented by major cranial remains. In the fol¬ 
lowing section I shall consider the problem of 
the diagnosis of the Borhyaenoidea and the affi¬ 
nities of MaptUsies. 

Definition of the Borhyaenoidea. The 

borhyaenoids have been diagnosed several times 
by Marshall (1976, 1977b, 1978, 1979a, 1981). 
However, features taken into account are often 
symplesiomorphies and some of them, regarded 
as derived, are highly homoplastic and therefore 
their phylogenetic value is reduced (emphasis on 
prevallid-posrvallum shear, rapid increase in size 
from Ml to M3 and from ml to m4, incipient 
rostral tympanic process of the periotic). 

Marshall et al. (1990) have included in the taxon 
Borhyaenoidea the families .Stagodontidae and 
Hondadelphidae. These authors have given ano¬ 
ther diagnosis of the Borhyaenoidea. In this 
work, the Borhyaenoidea in their traditional 
sense (i.e. sensti Muizon 1994) is the monophyle- 
tic group including the Mayulestidae + 
Hathliacynidac + Borhyacnidae + Probcirhyae- 
nidae + Thyiacosmilidae. Marshall et al. (1990) 
have diagnosed the monophyletic clade made of 
Hathliacynidac + Borhyacnidae -t Proborhyae- 
nidae +- Thyiacosmilidae with tour synapomor¬ 
phies: (l) a distinct nasal-lacrimal contact; 

(2) the loss of subarcuate fossa of the periotic; 

(3) the reduction of the talonid and protocone; 


(4) the loss of epipubic bones. Character 1 is a 
symplesiomorphy. Character 2 is absent in 
Mayulestes, Sallacyon, Nntogale and C/adostctis as 
these genera have a well-developed subarcuate 
fossa (this feature in Mayulestes and Sipalncyon 
has been observed by CT scanning at the 
Department of Geolog)' of the University of 
Texas at Austin. Results of this scanning arc 
under study by the author, R. Cifelli and 
T. Rowe). Character 3 is absent in Mayulestes 
and is involved in a highly homoplasric functio¬ 
nal complex related to hypercarnivorous diet. 
Character 4 may be a synapomorphy of the 
borhyaenoids. However, it is only probable for 
Mayulestes, Cladusiclis, Prolhylacyntis and Lycopsis 
and there is no indication that it was present in 
the other taxa of the supcrlamily, It is neverthe¬ 
less tentatively retained here as a borhyaenoid 
synapomorphy. Therefore, the diagnosis of the 
Borhyaenoidea given by Marshall et al. (1990) is 
regarded here as poorly supported. 

Marshall & Kielan-Jaworowska (1992: 371) have 
diagnosed the Borhyaenoidea with rwo synapo- 
morphics: "incisors reduced to 4/3; trend for 
molars to increase rapidly in size from ml to 
m4, Ml to M3". However, Mayulestes has five 
upper and four lower incisors and, as mentioned 
above, the increase ill size of the molars is hardly 
observable in Mayulestes and is a specialisation 
related to hypercarnivorous diet found in several 
other groups of carnivorous mammals, It is note¬ 
worthy that the increase in size of the molars is 
regarded by Marshall et at. (1990) ax a synapo¬ 
morphy of the six following families (their 
Borhyaenoidea): Stagodontidae, Hondadclphi- 
dac, Hathliacynidac, Borhyaenidae, Proborhvae- 
nidae and Thyiacosmilidae, while Marshall & 
Kielan-Jaworowska (1992) regard this character 
as a synapomorphy of the Borhyaenoidea, a 
taxon which, according to these authors, does 
not include the Stagodontidae. Therefore, the 
proposed phylogeny of Marshall Kielan- 
Jaworowska (1992) contradicts that ol Marshall 
et al. (1990). The phylogenetic value of the cha¬ 
racter state “rapid increase in size from Ml to 
M3 and from ml to m4 appears to be questio¬ 
nable and its weakness is corroborated by the 
contradiction pointed out above. Therefore, the 
two dental characters proposed by Marshall & 
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Kielan-Jaworowska (1992) arc not acceptable as 
diagnostic of the Borhyaenoidea. 

In facr, the only unique feature observed in all 
the skulls of borhyaenoids is the contribution of 
the medial process of the squamosal to the alis- 
phenoid byporympanic sinus. So far as known, 
this feature is absent from any other marsupial 
and is regarded here as the key-character of the 
Borhyaenoidea. Another suggested synapomor- 
phy of the borhyaenoids is the loss of the prootic 
canal, a structure which transmits the prootic 
canal vein, which in turn links the sphenoparie¬ 
tal emissary vein to the lateral head vein in didel- 
phids, caenolestoids and some dasyurids. 
However, this character state also appears in 
other lineages of marsupials (Wiblc 1990) and is 
consequently of lower phylogenetic value than 
the key-synapomorphy cited above. Further¬ 
more, in didelphids, the fossa for the lower 
canine, anterior to the upper canine, is - bordered 
by an anterolateral process of the maxilla lateral¬ 
ly. In posr-Palaeocene borhyaenoids, this process 
disappears jnd the fossa for the lower canine is 
opened laterally: In Mayulestes , the anterolateral 
process of the maxilla is still present but reduced, 
announcing therefore the condition observed in 
younger borhyaenoids. The reduction and loss of 
the anterolateral process of the maxilla is regar¬ 
ded here as a borhyaenoid synapontorphy. "I"his 
feature is also present in Thy/acinus but, in this 
genus, the fossa for the lower canine is not ope¬ 
ned laterally (i.e. is completely excavated in the 
premaxilla), contrary to the condition observed 
in borhyaenoids. As mentioned above, it is pro¬ 
bable that Mayulestes lacked epipubic bones. If 
this hypothesis is correct, the probable lack of 
epipubic bones in Cladusictis, Frothy lacyutts and 
Lycopsis (the only three other borhyaenoids 
known by relatively complete skeletons) would 
indicate that the loss of epipubic bone is another 
probable borhyaenoid svnapomorphy. 

Affinities of Mayulestes ferox. The above dis¬ 
cussion of some relevant features of the skull of 
Mayulestes shows that, for ntost of them, it 
retains the plesiomorphtc character state for a 
borhyaenoid or for marsupial. In fact, the family 
Mayulesridae ( Mayulestes and Allqokirus) repre¬ 
sents the sister-group of;ill the other members of 
the superfamily, which are diagnosed by six syna- 


pontotphies'. (1) the pars mastoidea of the perio¬ 
tic, internal and not coniributing to the occiput;- 
(2) the loss of the contribution of the alisphe- 
noid to the glenoid fossa (i.e. the loss of the 
entoglenoid process of the alisphenoid (Clemens 
1966); (3) the reduction of the harnular process 
and laminae of the pterygoid and the formation 
of two crests which connect, without level diffe¬ 
rence the posterior border of the palate to the 
basicrariium;. (4) the tympanic interlocked with 
the squamosal; (5). the number of incisors redu¬ 
ced to 4/3; (6) the double-arched posterior edge 
of the palate. The six plesiomorphic conditions 
of these character stales are present in Mayulestes. 
They are; (1) the pars mastoidea contributing to 
the occiput, (2) the presence of an entoglenoid 
process of the alisphenoid, (3) the harnular pro¬ 
cesses of the pterygoids well-developed and nor 
in continuity with the basicranium, (4) the tym¬ 
panic loose, attached to the squamosal by liga¬ 
ments only, (5) 3/4 incisors, (6) the single- 
arched posterior edge of the palate. Mayulestes. 
and Allqokirus (family Mayulesridae) are diagno¬ 
sed by the reduction of the enroconid and the 
concomitant lingual opening of the talonid 
basin. It has been suggested above that, because 
of their lower molar morphology, the 
Mayulesridae could represent the sister-group of 
the Borhyaenidae. However, the six cranial syna- 
pontorphies of the oilier borhyaenoids listed 
above demonstrate that the hypothesis cannot he 
accepted so far. Nevertheless, the diagnosis of the 
Mayulestidae and their relationships with the 
other borhyaenoids have to he confirmed by the. 
discovery of cranial remains of Allqokirus and 
Nemolestcs. Mayulestes is certainly not a 
Hathliacynidae as stated bv Marshall etdl. (1997'). 

POSTC.RANIAt. CHARACTERS 
Atlas 

The intercentrum of the atlas of the holotype of 
Mayulestes is not fused to the neural arch. The 
type specimen of Mayulestes ferox is a young 
adlilt since the epiphyses of limb bones are not 
completely fused and the teeth arc only slightly 
worn, A similar condition is observed in 
barhyoena tuherata (YPM-PU 1312U) where the 
intercentrum is not fused ro the neural arch and 
which clearly shows incompletely ossified limb 
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bones. However, in Prothylacynus pataganiem 
(YPM-PU 15700) and in Cladosictis patagonica 
(YPM-PU 15702), the intercentrum of the atlas 
is totally fused to the dorsal arch while the limb 
bones are incompletely ossified. In most living 
didelphids the intercentrum is completely fused 
to the dorsal arch, contrary to what* is observed 
in Pucadelphys. The condition in Muyulestes is 
plesiomorphic when compared to that of 
Prothylacynus , Cladosictis and resembles that of 
Pucadelphys and Bw'hyaena. 

The absence of fully enclosed intervertebral fora¬ 
mina is a primitive condition in Muyulestes , 
Borbyaena, Pucadelphys, Marmosa, Monodelphis 
and Peranteles; its presence in Prothylacynus, 
Cladosictis and Sipalocyon is a derived character 
state. The absence of a transverse foramen is pri¬ 
mitive in Muyulestes, Pucctdelpbys, Didelphis, 
Monodelphis , Metachirus and Asioryctes, while its 
presence is a derived character state in the 
Santa Cruz borhyaenoids. 

Axis 

The axis of Mayulestes is clearly specialized in its 
large, long and triangular spinous process, a deri¬ 
ved feature of borhyaenoids, also found in 
Thylacinus. It Is more derived than in 
Pucadelphys and other didelphids, except 
Didelphis. A very long and triangular spine of the 
axis is also present in creodonts and carnlvorans 
and represents an adaptation to hypercatnivo- 
rous dier since these animals kill their prey with 
their jaws, which requires great strength ol the 
neck musculature, A large triangular spine of the 
axis is also present in Zalvnbdalestes but, in this 
Late Cretaceous mammal from Mongolia, the 
structure of the spine of the axis seems to indica¬ 
te that the -.Ulterior part of the neck was immobi¬ 
le which would be indicative of a tendency 
toward salratoriul habits (Kielan-Jaworowska et 
al. 1979: 239). 1 Iowever, the axis of Muyulestes is 
shorter anteropostetiotly than that of the other 
borhyaenoids and Thylacinus , a condition which 
represents the primitive one. The lack of a totally 
enclosed Transverse foramen is a primitive feature 
also found in the Palaeoeene didelpboid Puca- 
delpbys. In this respect, Mdyulestcs is more primi¬ 
tive than the other borhyaenoid, this foremen 
being always present in the latter. 


Other cervical vertebrae 

The major characteristic oi the cervical vertebrae 
of Mayulcstes is their relative shortness when 
compared to those of the other borhyaenoids. 
The relief of the ventral side of their centra being 
less pronounced than in the Santa Cruz borhyae¬ 
noids, a weaker musculature of the neck is sug¬ 
gested. The shorter and weaker neck is probably 
related to a lesser mobility of the neck. This 
condition is clearly less specialised than that of 
the other borhyaenoids since length and strength 
of the neck are classical adaptations to hyperpre- 
daceous habits also observed in carnivorans, 
creodonts and thvlacynids. Muyulestes is, howe¬ 
ver, clearly more derived than several unspeciali- 
sed (in this respect) didelphoids ( Pucadelphys, 
Caluromys, Monodelphis, Metachirus, Philander). 

Thoracic and lumbar vertebrae 
As in Pucadelphys, the anticlinal vertebra (the 
vertebra where the spinal orientation reverses 
from a posterior orientation in the preantidinal 
vertebrae to an anterior orientation in the pos- 
tanticlina) vertebrae) is located much more pos¬ 
teriorly in Mayulcstes than in Cladosictis and 
Prothylacynus, since it occurs on the lumbar ver¬ 
tebrae, between 1.3 and L5 (the spinal process of 
L4 is not preserved). In Cladosictis and 
Prothylacynus , the anticlinal vertebra Is Til. The 
anticlinal vertebra is LI'in Znlambdalestes, L2 in 
Pucadelphys, between L2 and L4 (the spine of L3 
is broken) in Asiatherium , L3 in Metachirus „ L5 
in Marmosa and Caluromys, Lt> ift Monodelphis 
and Til in Perdmdes — a Very dynamic curso-sal- 
tatorial Australian marsupial (Novak & Paradiso 
1983). High and strongly anteriorly oriented 
spines of the lumbars are also observed in carni- 
vorans (canids and telids) and creodonts, where 
the spine inversion commonly takes place on the 
last thoracics. This condition is related to a fast 
running. A posterior position (i.e. lumbar) of the 
inversion is observed in early marsupials and pla- 
centals and in most Jiving genera of the conser¬ 
vative family Didelpliidae. Therefore, Mayulcstes 
would retain the primitive condition of that cha¬ 
racter state. 

The size and shape of the neural spine ol the 
lumbar vertebrae is also an important issue. The 
elevated and anteroposteriorly short spine of the 
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1.5 of Mayulestes clearly differs from the low and 
anteroposteriorly lohg Spine observed in the 
living didelphids. Even in Metdchirus, a terres¬ 
trial didelphid with some cursorial and saltatorial 
habits (Charles-Dominique, pers. comm., 
05/1996), the morphology of the spine does not 
fundamentally differ from that of Cdltiromys, the 
most arboreal living didelphid. The major diffe¬ 
rence lies in the position of the anticlinal verte¬ 
bra, which is more anterior in Metdchirus [in 
relation to the curso-saltatorial (terrascansorial of 
S'/.alay 1994) habits ol this genus]. Canids (cur¬ 
sorial) and felids (leaping cursorial) generally 
have high and anteroposteriorly short neural 
spines of the lumbars. Peratnelids, which are 
extremely agile cursorial and saltatorial marsu¬ 
pials have very high, short and widely separated 
neural spines of the lasts lumbars. This morpho¬ 
logy is regarded here as related to cursorial 
and/or saltatorial locomotion more than to fos- 
sorial habits as suggested by Marshall & 
vSigogneau-Russell (1995b As a matter of fact, 
none (with one exception) of the fossorial mam¬ 
mals examined during this study beans this kind 
of neural process on the lumbar vertebrae: noto- 
ryctids, dasypodids, talpids, bathyergids, spala- 
cids, geomyids, fossorial murids (mole-rats), 
meline musrelids. It is true that aardvarks have 
high and slender processes, however, they are not 
oriented anteriorly. Furthermore, it is notewor¬ 
thy that, as stated by Novak & Paradiso (1983), 
although aardvarks are extremely efficient dig¬ 
gers, they can -also run Very fast when chased. In 
return, high and relatively slender (not always in 
some cariiivorans) neural processes are found in 
cursorial and/or saltatorial mammals: kangaroos, 
canids, felids, some viverricLs, murids (gerbils and 
hopping mice), dipodids, sciurids, chfnchillids 
( Lagostomus , Lagiditttn, Chinchilla), caviids 
(Dolichotis ). Since neither Mayulestes nor 
Pucadelphys show obvious cursorial adaptations, 
it is therefore likely that they were capable of 
some leaping [perhaps a sort ol leaping run, as 
described by Jenkins (1974) in tups’ids], rather 
than digging as stated (for Pucadelphys) by 
Marshall He Sigogncau-Russcll (1995). In 
Mayulestes , an elevated neural spine is known 
only on L5 (it was probably present on 1.4 and 
L6 but it is broken on L4 and L6 is not preser¬ 


ved). The spine of Ll-3 is relatively low and long 
anteroposteriorly. In Clddosiclis, the neural 
spines ol the six lumbars are elevated, longer 
anteroposteriorly and more inclined anteriorly 
than in Mayulestes. Ih Prothylacymts , only the last 
three lumbars are known; each has a neural spine 
anteroposteriorly longer (more robust) than in 
Mayulestes. Because of the morphology of the 
spine of the last thoracics and because of the 
position of the anticlinal vertebra (T11), it is 
likely that the neural spines of the first lumbar 
vertebrae of Prothylacymts were relatively similar 
to those of the posterior lumbars. The morpho¬ 
logy of the neural spine of the lumbar vertebrae 
(high, slender and widely separated) and the 
anterior position (on the last thoracics) of the 
anticlinal vertebra in C/adosietis and Prothyla- 
cynus indicates a more robust back musculature 
for these taxa, which could be interpreted as 
indicating some Cursorial and/or probably some 
bounding ability. The more posterior position of 
the anticlinal vertebra and the morphology of 
the lumbar neural spine of Mayulestes (low in the 
anterior lumbars) suggests that it was less specia¬ 
lised in these functions than Cladosictis ss nd 
Prothylacymts. It is obvious that Mayulestes could 
run relatively fast (as most living didelphids can 
do), hut it certainly did not have what is com¬ 
monly called cursorial habits. The morphology 
of the neural spine ol the 1.5 would indicate 
some leaping or bounding ability in Mayulestes 
although to a lesser extent than in the 
Santa Cruz borhyaenoids because of the mor¬ 
phology of the neural process of the anterior 
lumbar and the position of the anticlinal verte¬ 
bra. 

The long and venrrally recurved transverse pro¬ 
cess of the last lumbars is indicative of powerful 
flexors of the vertebral column. Flexion of the 
vertebral column is performed by the quadrati 
lumborum and the psoas major and minor 
muscles when acting jointly. The size of these 
muscles is compatible with that of the lumbar 
epaxial musculature (erector spinae), which is 
denoted hy the height of the neural processes of 
the posterior lumbars- and the eversion of the 
ilia. Therefore, rhe morphology of the transverse 
processes of the last lumbars is indicative of 
significant mobility of the posterior part of the 
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Table 2. — Proportions of ihe lumbar vertebrae in some borhyaenoids and didelphids. L, length of the centrum; Wa, anterior width of 
the centrum. All measurements are in millimeters. 



LI 

L 

Wa 

Wa/L 

L2 

L 

Wa 

Wa/L 

L3 

L 

Wa 

Wa/L 

Mayulestes (MHNC1249) 

7.9 

4.5 

0.57 

7.9 

4.5 

0.57 

8 

4.9 

0.612 

Cladosictis (YPM PU 15170) 

20 

16.4 

0.82 

- 

- 

- 

- 

- 

— 

Prothylacynus (YPM Pli 15700) 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Pucadelphys( YPFB Pal 6106) 

3.7 

3 

0.81 

4.5 

2.9 

0.644 

4.9 

2.8 

0.571 

Caluromys 

8.3 

5.2 

0.626 

9.4 

5 

0.532 

10.7 

5.3 

0.495 

Marmosa 

2.9 

2 

0.69 

3.4 

1.9 

0.56 

3.8 

1.9 

0.5 

Monodelphis 

3.8 

2.7 

0.71 

4.3 

2.8 

0.65 

5.2 

2.8 

0.54 

Metachirus 

6 

3.7 

0.616 

7 

3.6 

0.514 

8 

3.8 

0.475 



L4 

L 

Wa 

Wa/L 

L5 

L 

Wa 

Wa/L 

L6 

L 

Wa 

Wa/L 

Mayulestes (MHNC 1249) 

8.6 

5 

0.581 

7.4 

5.4 

0.729 

— 

— 

_ 

Cladosictis (YPM PU 15170) 

- 

- 

- 

- 

- 

- 

22 

17 

0.77 

Prothylacynus (YPM PU 15700) 

34.5 

22.5 

0.652 

- 

- 

- 

- 

- 

- 

Pucadelphys (YPFB Pal 6106) 

5.5 

2.8 

0.509 

5.5 

3 

0.545 

4.3 

3.3 

0.767 

Caluromys 

11 

5.5 

0.5 

11 

5.3 

0.48 

10.5 

5.4 

0.514 

Marmosa 

3.9 

2 

0.512 

3.5 

1.9 

0.54 

3.1 

2 

0.645 

Monodelphis 

5.3 

2.8 

0,53 

5.2 

2.5 

0.48 

5.2 

2.3 

0.442 

Metachirus 

8 

3.9 

0.487 

8 

4.2 

0.525 

7.3 

4.2 

0.575 


vertebral column (last rhoracics and lumbars). 
Jenkins (1974; 106-108) has noted four features*, 
related to the dorsoventral mobility of the 
T1 1 -T12-T13-L1 portion of the vertebral 
column in tree shrews. They are: (1) the ventral 
length of the centrum is shorter than the dorsal 
(neural); (2) the distance between the centres of 
the pre- and post attictilar surfaces is greater than 
the centrum length (measured between the 
centres of the nuclei pulposi); (3) the length of 
the zygapophyseal prearticular surface is compa¬ 
rable or slightly longer than that of the postarti- 
cular surface of the preceding vertebra; (4) the 
anterior margin of the prearticular surface is 
more ventral than the posterior margin which 
gives an anteroposterior convexity to the articu¬ 
lar surface. In Mayulestes, character (1) is found 
on the last thoracic (Tl3?) but is not very well 
marked; it is obvious on LI-L,2-1.3 and was pos¬ 
sibly present on L4. Character (2) is present on 
T12?, T13?, hi, L'2, L3 and 1.5 (no measure¬ 
ment caij he made on L4). Character (3) is pre¬ 
sent from T12? to L4 (no measurement can be 


made on L5). Character (4) is present in 
Mayulestes on 1 12?, 413?, LI (not observable 
but probably present), L2, L3 and L4 (litde mar¬ 
ked). The presence of these featurse on the pos¬ 
terior part of the vertebral column of Mayulestes 
thus indicates great mobility. However, 
Mayulestes differs from the tree shrews since the 
most mobile portion seems to be located bet¬ 
ween T13? and L3 or L4 as opposed to Til and 
LI in the latter (Jenkins 1974). This difference is 
probably due to the fact that the anticlinal verte¬ 
bra of Mayulestes is located much more poste¬ 
riorly (L.4) than in Ttpaia glrs (T10). 

The centra of the last thoracic and lumbar verte¬ 
brae are proportionally longer in jMayulestes than 
In Cladosictis and Prothylacynus , while the 
contrary is observed on the cervicab- In this res¬ 
pect, Mayulestes resembles Pitcadelphys and the 
living didelphids ( Caluromys , Monodelphis, 
Marmoset, Metachirus). Comparison of the fourth 
lumbar vertebra in Mayulestes, Santa Cruz 
borhyaenoids and didelphids illustrates this dif¬ 
ferences of proportions well (Table 2). The rela- 
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tive size of the lumbar vertebrae of Mayulestes, 
closer to that of tire didelphids than to that of 
the Miocene borhyaenoids, is regarded here as a 
plesiomorphic state wirhin the superfamily. 
Cursorial carnivora ns generally have elongated, 
large lumbar vertebrae. The fact that Miocene 
borhyaenoids had relatively short centra Of the 
lumbar vertebrae demonstrates that they were 
certainly not as highly specialised cursorial mam¬ 
mals as thylacinids, canids and some felids. 
However, as noted above, the Santa Cruz 
borhyaenoids certainly had some cursorial ability 
related to their hyperpredaccous habits. In 
Mayulestes , this Was apparently absent ot much 
less developed than iri the Santa Cruz borhyae¬ 
noids. 

Cauda! vertebrae 

The morphology of the caudal vertebrae of 
Mayulestes suggests some prehensile ability. A 
prehensile tail is observed in all living didelphids 
[although reduced in LutVeolina (Novak & 
Paradiso 1983)]. 

Marshall 8c Sigogneau-Russell (1993. 118, 119) 
have suggested rhat Pitcadelphys and nuts did nor 
have a prehensile tail contra Muizon (199 0- 
These authors state that “in Didelphis, the caudal 
verrebrae have specialisations associated with a 
prehensile rail (Krause Sc Jenkins 1983: 242): 
e.g. [ 1)] tail commonly twice or more the length 
of the precaudal vertebral column; [2)] a median 
sulcus for abductor (sic) muscles and tendons 
crosses vemrally all the vertebrae; [3)J zygapo- 
physes are more vertical; [4)] transverse ptoccsses 
are broad and robust for muscle attachments-and 
present even in most distal caudal?; moreover 
[5)] haemal apophyses, tbaL enclose abductor 
tendon and muscle, are large and developed 
along entire length of rail; [6)] finally, sacral spi¬ 
nous processes are relatively well-developed, 
commonly subequal to the height of the spinous 
processes of posterior lumbar vertebrae”. 

Several comments have to be made on Marshall 
& Sigogneau-Russell s list. First, features 2 and 3 
are nor cited by Krause & Jenkins (1983) as rela¬ 
ted to a prehensile rail. If feature 2 is indeed an 
adaptation related 10 a prehensile tail, why is it 
absent in Marrnosa, whose tail is strongly pre¬ 
hensile (Novak & Paradiso 1983)? As mentioned 


above, the ventral sulcus, well marked in 
Didelphis and Caluromys, does not receive an 
abductor muscle but rhe median coccygeal aorta. 
On the ridges which border the sulcus laterally 
are inserted the sacrucoccygci venrralis and 
medialis muscles, which form a dec-p iurrow for 
the SacrpCoccygeal artery. The term abductor 
usld by Marshall & Sigogneau-RusSell (1995) is 
inappropriate for die tail since an abduction is a 
movement of an extremity away from the 
median plane; the movement they refer to is a 
flexion of the tail. Furthermore, the haemal 
arches (not apophyses) do not enclose muscles 
but the sacrococcygeal artery. Marshall & 
Sigogneau-Russell (1995: 118) state that “no 
such Specializations except high sacral processes 
and very slight ventral Sulcus on caudals exist in 
Philander and Metdcbirus". However, both gene¬ 
ra also have a tail which is twice as long as the 
presacral vertebral column and haemal arches 
developed along nearly rhe entire length of the 
tail. It is true that the transverse processes of the 
posteriot caudal ate nut as developed as in 
Caluromys or Didelphis but it is also true that 
they are at least as large as in the tail of Marrnosa, 
one of rhe most prehen-sile among didelphids. 
Furthermore, the tail of Philander is reported as 
prehensile (NoVak & Paradiso 1983 and 
julien-La Ferriere pers. comm.). Novak & 
Paradiso (1983: 12) State that the didelphid tail 
is “long, scaly, Very scantily haired and prehensi¬ 
le”. Concerning Lutmlim , one of die most ter¬ 
restrial genus, these authors state that the tail is 
nor as prehensile as in other didelphids. They 
also report the observation of an individual of 
Motwdelphis domesttca carrying a piece of paper 
by curling its tail downward around the paper. 
Therefore, all didelphids appear to have some 
degree of prchensility of the tail, The greater abi¬ 
lity is found in Didelphis, Marrnosa, Caluromys 
and Philander and the lesser ability is found in 
Monodelphis , Lutreolina, and Lcstodefphys. 

Marshall & Sigogneau-Russell (1995: 119) have 
stared that there was no indication that the tad 
of Pitcadelphys was prehensile. However, the pos¬ 
terior caudal vertebrae of Pitcadelphys bear large 
and robust transverse processes and the tail is 
long (estimation of 30 verrebrae). The C6 and 
C7 of Pucadelphys are strikingly similar ro C5 
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Fig. 48. — Anterior caudal vertebrae of: A, Pucadelphys (C6- 
C8); B, Caluromys (C5-C7). Not to scale. 

and C6 of Caluromys, tlie most arboreal liv'ing 
didelphid (Fig. 48). In die C6 of Pucadelphys 
and C5 of Caluromys, the transverse process is 
located posteriorly on the centrum and occupies 
more than half of its length. It is much longer 
than in the preceding vertebra. The C6 of 
Caluromys and the C7 of Pucadelphys differ Irom 
rhe respective preceding vertebra by the adjunc¬ 
tion of a small anterior transverse process, much 
shorter antcroposteriorly titan the long posrerior 
transverse process. In the posterior caudal verte¬ 
brae of the nvo genera, the transverse processes 
are well-developed, as large as in Didclphis and 
certainly much larger than in Marmosa or 
Philander. Because of the large rratisverse pro¬ 
cesses ol C6 to C9 (YPFB Pal 6106) and in Cl 6? 
and C17? (YPFB Pal 61 10), I consider that 
Pucadelphys had a prehensile tail. It is not pos¬ 
sible to evaluate rhe degree of prehensiliry of the 
tail since the tail of Pucadelphys is not complete 
in the available specimens and because there 
seems to be some inconstancy in the correlation 
between the anatomical features regarded as rela¬ 
ted to a ptehensile tail and the actual prehensiliry 
of the tail in living didelphtds. The statement by 
Marshall & Stgogneau-Russell (1095) that there 
were no haemal arches in Pucadelphys is contra¬ 
dicted by the presence of a fragment of arch still 


present between C7 and C8 of YPFB Pal 6106 
and of a partial arch below C4 of YPFB 
Pal 6110. The lack ol most haemal arches in 
Pucadelphys is regarded here as n loss due to fossi- 
lisation. The only feature mentioned by 
Krause & Jenkins (1983) and which is absent in 
Pucadelphys is the large size ol the spinous pro¬ 
cesses of the Sacral vertebrae. In Pucadelphys, 
these processes are broken, bat in view of their 
smaller diameter it is likely that they were not as 
high as those of rhe last lumbar. However, it is 
noteworthy that rhe most important movements 
of a prehensile tail are the flexions of the tail and 
the spinous process ol the sacral vertebrae bears 
attachment tor extensor nuiscleS of the tail. 

The two posterior caudal vertebrae of Mayulestes 
are extremely similar to the C9 of Pucadelphys 
and to the C7 and C8 of Caluromys , mainly in 
the large size of their anterior and posterior 
transverse processes (Fig. 47), They are, however, 
longer than in Pucadelphys and slightly shorter 
than in Caluromys. Because of this morphologi¬ 
cal similarity it is probable that Mayulestes had a 
prehensile tail. 

Cattmill (1974. 51) has stated that most prehen- 
silc-tail animals (except primates) “practically 
never make leaps of any distance and generally 
move cautiously from one support to another”. 
As shown below, it is probable thar Mayulestes 
was a relatively agile animal capable of some lea¬ 
ping run, as tree shrews, although certainly slo¬ 
wer Therefore, a contradiction would exist 
between the prehensility of the rail ol Mayulestes 
and the suggested agility of the animal. First, it is 
necessary to keep in mind that only four caudal 
vertebrae of Mayulestes arc known, therefore, the 
anatomical support of the prehensile tail of 
Mayulestes is still relatively weak. Furthermore, if 
the rail of Mayulestes was indeed prehensile, it is 
possible that this function was little used by the 
animal and being lost in lavour of an increasing 
agility of the locomotion. The tail could have 
kept the characters and the ability of prehensility 
although it was not (or little) used as such. A 
living example of this condition is the terrestrial 
didelphid Metachirus which indeed has a prehen¬ 
sile tail hut which does not use it for climbing. 
The same can be said of the aquatic didelphid 
Chironectes. Another interpretation (see below 
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C 

Fig. 49. — Posterior caudal vertebrae of: A, Pucadelphys (C 9 ): 
B, Mayulestes (C 8 ? and C 9 ?); C, Caluromys (C 7 and C 8 ). Not to 
scale. 

for discussion) would be-to consider that the agi¬ 
lity of the animal was mainly used on the ground 
(like Metacbims) and that the arboreal locomo¬ 
tion was slower. In other respect, it is notewor¬ 
thy that the great jumping agility of the 
didelpbid genus Mannnsa contradicts Carrmill’s 
assesement. 

The inferred presence of a prehensile rail in 
Pucadelphys (probably) and Mayulestes (possibly) 
suggests that these animals are likely to have had 
some arboreal habits. Furthermore, the generali¬ 
sed occurrence of a prehensile tail in didelphids 
(to various extent according to the taxa), the 
most primitive family of living marsupials, 
would favour the idea that a prehensile tail is a 
plesiomorphic character state for marsupials and 
seems to reinforce the hypothesis (Szalay 1984, 
1994) that early marsupials were primarily arbo¬ 
real (see below for discussion). 

Forelimb 

Scapula. The anatomy of the scapula of 
Mayulestes denotes a more robust constitution of 
the shoulder musculature than in other borhyae- 
noids and most didelphids, but is similar to that 
of Caluromys. The coracoid process is large, 
strongly recurved and projects more proximally 
than the glenoid fossa; the acromion projects 


proximally below the glenoid fossa and anterior¬ 
ly beyond the supraglenoid process. The latter 
receives the origin of the coracobrachialis muscle 
whose insertion is located on the posteromedial 
border of the proximal half of the diaphysis of 
the humerus The coracobrachialis is an adductor 
of the forelimb and a flexor of the shoulder. On 
the acromion (on the hamatus and suprahama- 
tus processes) and on the ventral two thirds of 
the scapular spine attaches part of the origin of 
the deltoideus (acromial and spinal) muscle. The 
insertion of the deltoideus muscle is on tile distal 
two thirds of the delropectoral crest on the 
humerus. On the ventral third of the spine and 
on the anterior margin of the acromion attaches 
the insertion of the atlantoacromialis muscle 
(Jenkins 5c Weijs 1979), probably a part of the 
omottansversarius. The origin of the atlantoacto- 
mialis muscle is on the posterior side of the wing 
of the atlas. The deltoid muscle is an abductor of 
the shoulder and a flexor of the arm when com¬ 
bined with the action of the teres major muscle. 
The atlantoacromialis pulls - the scapula anterior¬ 
ly and makes it rotate anticlockwise. The mor¬ 
phology of the coracoid process and acromion of 
the scapula of Mayulestes , projected proximally 
and anteroproximally respectively, denotes the 
great strength of those muscles and, therefore, 
the strength of the shoulder articulation. In 
arboreal mammals, the acromion and the cora¬ 
coid process are generally well-developed and 
veutrally (and anteriorly for the former) projec¬ 
ted, often to a much greater extent than in 
Mayulestes (tree shrews, possums, opossums, pri- 
mares, tree sloths, Cyclopes , kinkajou, coendou; 
Fig. 50). This morphology has been related to 
arboreal habits (Corruccini & Ciochon 1976; 
Ciochon & Corruccini 1977). The proximal 
elongation of the acromion is likely to be related 
to improvement of the leverage for the deltoi¬ 
deus (Inman et al. 1944; Larson 1993), an 
abductor of the arm. Furthermore, a dorsopOste- 
lior elongation of the posterodorsal angle of the 
scapula, as it is observed in Mayulestes and 
Caluromys, is also present in most arboreal mam¬ 
mals (Fig. 50). This is especially obvious in pri¬ 
mates (Roberts 1974, Larson 1993). The 
anterior projection of the acromion and the pos¬ 
terodorsal elongation of the posterior angle of 
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Fig. 50. — Right scapulae in lateral (top) and proximal (bottom) views: A, Mayulestes.. B. Caluromys' C, Cladosictis, D, Sciurus; 
E, Tupaia\ F, Propithecus ; G. Colobus, H, Hylobates. Not to scale. 


the scapula can be related to great ability of ante¬ 
rior extension of the forelimb since, during this 
movement, at the end of the extension, a better 
protraction of the limb is produced bv an anti¬ 
clockwise rotation of the scapula, Such move¬ 
ments are performed in acrobatic arboreal 
activities. As demonstrated by Larson (1993) in 
arboreal primates, a raised-arm position provokes 
an important rotation of the scapula while, in 
terrestrial primates, the movements of the scapu¬ 
la are mainly anteroposterior translations and the 
rotation is weak. In arboreal primates, scapular 
rotation is brought about by the action of a mus¬ 
cular couple (Inman et al. 1944; Larson 1993). 
The upper unit is the cranial trapezius and (he 
lower unit is the caudal trapezius and the caudal 
serratus anterior muscles (Fig. 51). In Didelphis, 
the couple of muscles acting during the anterior 
extension of the forelimb (anticlockwise rotation 
of the scapula) has an upper unit made of the 
serratus ventralis thoracis and the caudal portion 
of the trapezius and a lower unit made of the 
atlantoacromialis and the anterior portion of the 
trapezius. In Didelphis, the serratus ventralis tho¬ 
racis takes origin from the first eight or nine ribs 


and inserts on the caudal angle oi the scapula; 
the trapezius originates from the nucchal crest 
and the supraspinous ligament from the occiput 
to the level of the thirteenth thoracic vertebra. 
Its anterior portion inserts on the anterior edge 
of the spine of the scapula, while its posterior 
portion inserts on the posterior edge of the distal 
third of the spine. The atlantoactomialis links 
the posterior side of the wing of the arias to the 
acromion and the proximal third of the spine 
(Jenkins & Weijs 1979). Acting jointly, these 
three muscles rotate the scapula counterclockwi¬ 
se and exert an anteriorly directed force on the 
acromion and proximal third of the scapular 
spine and a posteriorly directed force on the pos- 
terodorsal angle of the scapula. 

The two features of the scapula discussed above 
(anterior position of the acromion and postero- 
dorsal elongation of the posterodorsal angle) are 
not as developed on the scapula of Mayulestes as 
on the .scapulae of highly arboreal primates, but 
they approach the condition observed in 
Caluromys , the most arboreal didelphid (Fig.. 50). 
The proportions and relative sizes of the supra- 
and infraspinatus fossae are difficult to explain 
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Fig. 51- — Scapulothoracic muscular couple involved In the 
rotation ol the scapula In Mayulestes [based upon Larson (1993, 
fig. 2.5) and Jenkins & Weijs (1979)]. The anteroventral unit is 
made of the atlar.toacromalis and the anterior portion of the tra¬ 
pezius; the posierodorsa) unit is made of the seriates vemralis 
thoracis and the posterior portion ol the trapezius. 

mechanically in Mayukstes. In arboreal primates, 
the infraspinatus fossa and muscle are generally 
larger than the supraspinatus (Roberts 1974) 
while the contrary is observed in Mayulesies. 
However, squirrels have a morphology of the sca¬ 
pula very similar to that of Mayukstes. The pos- 
terodorsal angle is strongly elongated, the 
acromion is vcntrally and anteriorly projected, 
the coracoid process is very long and developed 
ventrally (much longer than in Mayukstes and 
any didelphids), the supraspinatus fossa is large, 
triangular and the infraspinatus fossa is deep 
long, straight and narrow and its posterior edge 
is almost parallel to the plane of the spine. 
Squirrels are well-known to be non-suspensorial 
atboceal rodents while many arboreal primates 
ate at least partially suspensotial. The similarities 
between the scapulae of Mayukstes and sciurids 
are possibly related ro similar positional beha¬ 
viours. Therefore, many aspects of the morpho¬ 
logy of the scapula of Mayukstes are similar to 
those observed in highly arboreal mammals. It is 
mechanically consistent, with a strong commit¬ 
ment to arhoreality, probably to a higher degree 
than in most living didelphids (except 
Calurotnys ). 

In Pucadelphys , the morphology ol die scapula is 
not completely known. However, the best preser¬ 
ved scapula of Pucadelphys andinus (Fig. 18) 
shows important similarities with that of 
Mayukstes-. ventral and anterior development of 
the acromion and the deep and narrow infraspi¬ 


natus fossa. According to the above discussion 
these features are apparently consistent with 
well-developed arboreal habits. 

Humerus, ulna and radius. The proximal extre¬ 
mity of the humerus of Mayukstes resembles that 
of the didelphids more than chat of the ocher 
borhyaenoids. The-head is relatively circular (in 
proximal view), oriented more proximally than 
posteriorly and slightly higher than the greater 
tubercle (Table 3)- In 1‘rnthylacyuus, the head has 
a more posterior orientation and is lower chan 
the greater tubercle, two features well-developed 
in cursorial mammals (for instance Thylaciuus). 
Arboreal mammals tend to have a head of the 
humetus proximally oriented and a low greater 
tubercle in order to increase the mobility of the 
joint. In cursorial mammals, a great multidirec¬ 
tional mobility of the articulation is not essential 
since the movement of the forelimb is mostly 
anteroposterior and importance is given to the 
power of the movement. Therefore, modifica¬ 
tions of the joint are focused toward stabilisation 
of the scapulohumeral joint; according to 
Larson &C .Stern (1989), that is the most signifi¬ 
cant role of the supraspinatus (which is insetted 
on the greater tubercle) in rerrestt'tal primates. 
The infraspinatus is also involved in chat func¬ 
tion since it is inserted on the greater tubercle 
slightly more proximally than the supraspinatus. 


Table 3. — Proportion ol the head ol the humerus in various 
marsupials. L. Length; W, width. All measurements are in milli¬ 
meters. 



L 

W 

W/L 

Mayulestes (MHNC 1249) 

5.2 

5.6 

1.07 

Prothylacynus (YPM PU15700) 

2.9 

2.9 

1 

Cladosictis (YPM PU 15831) 

1.77 

1.35 

0.76 

Cladosictis (YPM PU 15556) 

1.65e 

1.3 

0.78 

Pucadelphys (YPFB Pal 6106) 

3.2 

3.2 

1 

Caluromys 

6 

5.8 

0.96 

Didelphis 

10.3 

9.6 

0.93 

Marmosa 

2.3 

2.1 

0.91 

Monodelphis 

3.6 

3.4 

0.94 

Metachirus 

7.6 

5.9 

0.77 

Thylacinus 

27 

21.5 

0.79 

Tupaia 

19 

16 

0.84 

Sciurus 

7.2 

6.8 

0.94 

Vulpes 

3.2 

3 

0.93 
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Table 4. — Relative height of the spine of the scapula in various 
arboreal and terrestrial mammals. H, greatest height of the 
spine approximately in its middle pad; U, length of the spine at 
its base from Its distal notch (/.e. at base of the acromion) to the 
proximal extremity. All measurements are in millimeters, 



H 

L 

L/H 

Mayulestes (MHNC 1249) 

4.8 

19.6 

0.244 

Pucadelphys (YPFB Pal 6105) 

2.9e 

14.4 

0.2 

Didelphis 

6 

33.2 

0.18 

Caluromys 1 

4.2 

17.6 

0.23 

Caluromys 2 

4.3 

18.5 

0.23 

Marmosa 

2.1 

9.5 

0.22 

Monodelphis 

3.2 

14.3 

0.22 

Metachirus 1 

4.6 

25.3 

0.18 

Metachirus 2 

3.5 

20 

0.175 

Philander 

6 

30 

0.2 

Sciurus 

7 

27 

0.26 

Tupaia 

3.3 

14.4 

0.23 

Potos 

9.4 

47.8 

0.196 

Herpestes 

5.5 

31.2 

0.176 

Mustela 

4.3 

35 

0.12 


The aurhor.s also conclude that this muscle 
(supraspinatrus) and, therefore, the size of the 
greater tubercle are not related to speed or power 
of the movement (Latson & Stern 1989 1992). 
A small greater tubercle and a humeral head 
proximally oriented generate a greater mobility 
of rhe shoulder, which is required in arboreal 
life. However, as mentioned by Larson & Srern 
(1989k the scapulohumeral joint also needs sta¬ 
bilisation during acrobatic behaviour. The 
authors concluded that “the only way for an ani¬ 
mal with a lower greater tubercle to deal with 
these heavy demands on the supraspinatus for 
brachial elevation and joint stabilisation is to 
increase the overall size of rhe supraspinatus 
itself' (Larson 1993: 60). There are two ways of 
increasing the size of the supraspinatus muscle, 
either by increasing the size of the fossa or by 
increasing the elevation of the spine. The spine 
of Mayulestes is more elevated than that of 
Caluromys but lower than in sciurtds and 
approaches that of tupaiids. It is relatively much 
more robust than in Metachirus, a terrestrial 
didelphid. Table 4 compares the relative height 
of the scapular spine in several marsupials, one 
sciurid, one uipaid, one arboreal carnivore and 
two terrestrial non-cursorial carnivores. 


The deltoid crest of Mayulestes is shorter than in 
rhe Santa Cruz borhyaenoids bur marches the 
length observed in the living didelphids 
(Table 5). 

The very salient tricipital crest of Mayulestes 
received rhe origin of a robust caput latetale of 
the triceps brachii muscle. The insertion of this 
head of the triceps is on the olecranon of the 
ulna with the capitis mediaJe and longum. The 
strength of the triceps brachii of Mayulestes is 
also revealed by the great length and size of the 
olecranon ot the ulna and by the important ante¬ 
rior curvature ot the proximal third of the shaft 
of that bone.. This' morphology indicates impor¬ 
tant tracrions of die triceps on the olecranon. A 
similar morphology of rhe olecranon is found in 
living didelphids, being strongly emphasised in 
the most arboreal taxa ( Caluromys , Marmosa). It 
is also obvious in Pucadelphys (Figs 25, 52). In 
Caluromys and Mayulestes , the tension of che tri¬ 
ceps brachii on the olecranon is even greater 
since Its atueroproximal angle is strongly elonga¬ 
ted anteroproximally. Such a morphology of the 
proximal half of rhe ulna exists, to various 
extents, in many arboreal [especially arboreal 
quadrupedal or arboscansorial (Szalav 1994)] 
mammals: didelphids, phalanger'ids, Nasua , 
Paros, sciurids and tupaiids. In primates' and 
xenarthrans there is a tendency to reduce the 
length of the olecranon in order to allow a grea¬ 
ter extension of the elbow. The posterior edge of 
the ulna is straight in terrestrial mammals, even 
concave in highly cursorial taxa, with the olecra¬ 
non posteriorly oriented (Bown et at 1982). In 
the Santa Cruz borhyaenoids the proximal third 
of the ulna is not bent anteriorly. In 
Prothylacynus and Cladasictis\ the posterior bor¬ 
der of the ulna is concavnconvex but the bone is 
globally straight. In Bnrhyaena , the posterior bor¬ 
der of the ulna is straight in its proximal half and 
concave in its distal half and the olecranon is 
long, robust and has a very quadrate proximal 
extremity. The morphology of the ulna of 
Borhyaemt is indicative of a terrestrial mammal 
with some cursorial ability. The ulna of 
Tbyldcinus (a cursorial marsupial) is similar to 
that of Borhydena, but more gracile and more 
recurved posteriorly. 

The distal extremity of the humerus, of 
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Table 5. — Relative length of the deltoid crest. Lh, total length 
of the humerus; Lcr, length of the deltoid crest. All measure¬ 
ments are in millimeters. 



Lh 

Lcr 

Lcr/Lh 

Mayulestes left (MHNC 1249) 

32.3 

18.4 

0.57 

Mayulestes right (MHNC 1249) 

34.6 

19.2 

0.555 

Prothylacynus (YPM PU 15700) 

161 

103 

0.639 

Cladosictis (YPM PU 15702) 

113 

80 

0.708 

Pucadelphys (YPFB Pal 5106) 

17.8 

9.5 

0.53 

Didelphis 

62.7 

35 

0.558 

Caluromys 

40.8 

21.7 

0.53 

Marmosa 

14.4 

7.8 

0.54 

Philander 

42.8 

22.8 

0.53 

Monodelptiis 

20.5 

12 

0.585 

Metachirus 

31.7 

16.4 

0.51 

Thylacinus 

178 

129 

0.724 


Mayulestes bears a very strong lateral epicondy- 
loid crest and a robust distomedially elongated 
medial epicondyle. On the posterior side of the 
epicondyloid crest attaches the distal part of the 
origin of the caput mediale ol the triceps bntchii, 
a powerful extensor of the elbow whose insertion 
is on the anterior, anteromedial and anterolateral 
surface uf the olecranon of the ulna (the distal 
portion of the caput medial of the triceps is the 


anconeus muscle, which is apparently fused to 
the medial head of the triceps in dasyurids 
(Kiclan-Jaworovvska & Gambaryan 1994)]. On 
the anterior side of the lateral epicondyloid crest 
and on the lateral epicondyle attach the origins 
of the extensor muscles of carpus and digits and 
the bracbioradialis muscle. On the medial epi¬ 
condyle are the origins of the flexors muscles of 
carpus and digits, the epitrochleoanconeus and 
the pronator teres. Therefore, the morphology of 
the distal extremity of the humerus of Mayulestes 
indicates the power of the flexion and extension 
of the munus and a good ability in the 
pronation-supination movements. The great 
depth of the fossa on the medial side of the 
proximal third of the ulna for the origins of the 
flexor carpi ulnaris and flexor digirorum profun¬ 
dus muscles as well as rhe strong medial bending 
of the proximal third of the bone also contribute 
to suggest ability of powerf ul flexion of the digits 
and man us, for instance for grasping branches. 
These aspects of the morphology ol the elbow of 
Mayulestes resemble those of Caluromys (the 
most arboreal living didelphid) and Pucadelphys 
(although the features mentioned above are less 
pronounced in rhis genus; Fig. 52). They are 
more pronounced in Mayulestes than in most 



Fig. 52. — Lateral view ot the left ulna in several marsupials: A, Mayulestes ; B, Caluromys-, C, Marmosa; D, Didelphis\ 
E, Metachirus-, F, Pucadelphys-, G, Prothylacynus; H, Borhyaena. Not to scale. 
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other living didclphids and Santa Cruz borhyae- 
noids. Polos and Nasna , arboreal and semiarho- 
reai earttivorans respectively, have the same 
modification of the elbow responsible for power¬ 
ful flexion and extension of the inanus and 
digits. Sciurids also have a well-developed lateral 
epieondyloid crest, a disromedially projecting 
medial epicondyle and a medially bent proximal 
extremity ol the ulna. A long and anteriorly bent 
olecranon has been regarded as related to arbo¬ 
real quadrupedalisme since, in such forms, the 
forelimb is always in partial flexion and the 
extensors of the elbow are always resisting to 
flexion (Bovvn ft ctl. 1982). This feature, extre¬ 
mely developed in a predator like Mayulestes, 
could also indicate bounding ot leaping ability. 
On the ulna of Mayulestes, the trochlear notch is 
more open (in medial view) and shallower rhan 
in the Santa Cruz. Borhyaenoids and some didel- 
phids ( Didelphis > Meiaehirm)~ Furthermore, the 
trochlear and radial notches form an angle of 
approximately 120° in anterior view. As mentio¬ 
ned above, this' condition is found in the most 
arboreal tlidelphids ( Caluromys , Marmosa , 
Didelphis). In a cursorial marsupial such as rhe 
thylacinc and in rhe sub-cursorial Borhyaena (see 
below), the trochlear notch is less open than in 
Mayulestes and rhe angle between rhe trochlear 
and radial notches (in anterior view) is clearly 
inferior to 90 u . In other words, the trochlear and 
radial notches are well-separated by an elevated 
crest and the radial notch is well-exeavaicd in 
terrestrial (a priori in cursorial) forms, while rhe 
contrary is true in arboreal quadrupeds. The 
arboreal morphology ( Caluromys , Didelphis and 
Mayulestes ) would indicate an elbow that does 
not receive much articular stress and does not 
require an important stability of the joint and, 
therefore, would designate relatively slow ani¬ 
mals. However, this morphology of the radio¬ 
ulnar articulation also indicates a great Jnobility 
related to prnnation-supinalion movements. 
This is corroborated by the great development of 
the supinator crest, fossa and pronator ridge. In 
the very agile Squittels, the trochlear notch is 
similar to that of Didelphis , the angulation bet¬ 
ween both articular surfaces approaches 120° 
and rhe radial notch is very shallow. 
Furthermore, in Mayulestes , the long and robust 


olecranon indicates a powerful triceps and the 
strong attachment crest of the ulnar collateral 
ligament medially are indications of a fairly 
stable elbow joint, which is in agreement with 
the pustulated activity. Therefore, the morpholo¬ 
gy of rhe proximal articulation of rhe ulna of 
Mayulestes seems to be compatible with agility. 
Whatever that may be, it is clear that the mor¬ 
phology of rhe humeral arriculation of the ulna 
of Mayulestes resembles that of Caluromys , more 
than that of any other Jidelphid or borhyaenoid. 
The apparent weakness of the elbow joint noted 
on the aiticular surfaces was probably compensa¬ 
ted fot by ligaments anti muscles as in active 
rupaiids and sciurids. It is also noteworthy that 
rhe relative breadth of rhe trochleat notch, when 
compared to that of Caluromys, is a factor of sta¬ 
bility of the elbow, as indicated by Fleagle et al. 
(1975: 136) for the ulna of Aeoypropithents. 

Bown et al. (1982: 626) have Ikied several fea¬ 
tures of the ulna which are related to arboreal 
quadrupedalism. They ate: (1) long olecranon 
extended proximally in fine with the shaft; 
(2) rnochlear notch relatively shallow with a low 
coronoid process: (3) small radial notch not dee¬ 
ply excavated; (4) anreroposteriorly deep ulnar 
shaft, posteriorly convex. According to these cri¬ 
teria, the ulna of Mayulestes is thar of a highly 
arboreal quadruped. 

On rhe radius, the proximal articulation with rhe 
eapii uluni of the humerus is transvereally elonga¬ 
ted and, as preserved, does not suggest pronoun¬ 
ced pronation-supination movements, which 
contradicts the above statements. The condition 
of Mayulestes is similar to that of Burlyaeva and 
Cladosiitis, but differs from Prothylatynus where 
the radiohumeral attieulation is more oval-sha¬ 
ped and less transverse. Although, as noted 
above, the morphology of Mayulestes is probably 
the result of some post-mortem erosion and/or 
deformation, ic is likely that its pronation-supi- 
nation ability was slightly less developed than 
that of living didclphids. It is probable that the 
movements had less amplitude, although it. is 
difficult to determine to which extent. In this 
respect, it is noteworthy that in living didel- 
phids which have well-developed pronation- 
supinarinn, the proximal articulation of the 
radius is never torally circular as in arboreal pri- 
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mares or rrec sloths but is oval, although less 
transverse than in Mayulestes, Cladosictis and 
Borhyaena. The relatively oval-shaped proximal 
articulation of the radius of Prothylaeynus indi¬ 
cates superior pronation-supinarion ability when 
compared to the other Santa Crux borhyaenoids. 
Metacarpus. As noted above, borh extremities of 
McV are flattened in the same plane. Therefore, 
since the articulation with McJV (on the palmar 
side of the proximal epiphysis of McV) is rough¬ 
ly perpendicular to the dorsopalmar plane of the 
hand, the articulation between the McV and the 
first phalanx of the digit is also perpendicular to 
the dorsopalmar plane of the manus. This indi¬ 
cates that digit V had a plane of flexion which 
tended to be at 90" with that of the other fin¬ 
gers. This condition (which is approaching that 
of Mcl and McII in man) would indicate an 
important ability of prehensility of the manus, 
which obviously facilitates grasping and is clearly 
useful for climbing trees. 

Furthermore, the medially recurved distal extre¬ 
mity of the McV' (also observed, bur to a lesser 
extent, in the living didelphids) tends to shift the 
phalanges of the finger toward the centre of rbc 
manus. This condition is also useful for gras¬ 
ping, an action fundamental in didelphid arbo- 
reality. 


Hind It mb 

Innominate. The ilium of Mayulestes is propor¬ 
tionally slightly longer than in Cladosictis and 
Prothylaeynus hut as shown in table 6 the diffe¬ 
rence is more important regarding living didcl- 
phids, whose ilia are clearly long and narrow. 
Such a morphology is found in a large number 
of living marsupials (it is absent in Thylacinus 
and Perameles ). The Palaeocene didelphoid 
Pucadelphys andmus has an ilium relatively shor¬ 
ter than that of the jiving didelphids and 
resembles Mayulestes in this point. Therefore, the 
oldest known borhyaenoid has an ilium longer 
than the younger forms and the oldest known 
didelphoid has an ilium shorter than the Recent 
didelphids. What then is the primitive morpho¬ 
logy of the ilium? Short or long? Marshall & 
Sigogneaii-Riissell (1995) regarded the dorsoven- 
tral expansion of the wring of' the ilium in 
Pucadelphys as a specialisation hut consider its 
shortness as a primitive state. Triconodonts have 
a narrow and elongate ilium (Jenkins & 
Parrington 197b) although, apparently, not as 
long as in the living didelphids The ilium of 
Henkelotberium is longer than that of Mayulestes 
(Krebs 199i). The same is true in Asiatic 
(Kielan-Jaworowska 6c Gambaryan 1994) and 
North American multitiiberculates (Krause & 


Table 6. — Relative length of the ilium In various marsupials and placentals. Hit, maximum height of the ilium at mid-length; Lil, length 
of the ilium; Lt, total length of the innominate. All measurements are in millimeters. 



Lil 

Lt 

Lil/Lt 

Hil 

Hil/Lil 

Mayulestes (MHNC 1249) 

25.2 

44 

0.572 

6.5 

0.258 

Cladosictis (YPM PU 15702) 

70.5 

124 

0.568 

26 

0.368 

Cladosictis (YPM PU 15170) 

60e 

106 

0.566 

21 

0.35 

Prothylaeynus (YPM PU 15700) 

97 

182e 

0.538 

35.5 

0.364 

Thylacinus 

104 

182.4 

0.57 



Pucadelphys (YPFB Pal 6106) 

15 

26.4 

0.568 

5 

0.33 

Didelphis 

50.5 

75.5 

0.668 

12 

0.23 

Metachirus 

26.2 

40 

0.65 

6.4 

0.24 

Caluromys 

30.3 

45 

0.677 

6.2 

0.2 

Marmosa 

11.8 

17 

0.69 

1.6 

0.13 

Phalanger 

47.5 

75.5 

0.63 

10.5 

0.22 

Perameles 

49.5 

85.7 

0.56 

17.8 

0.36 

Sciurus 

24.3 

41 

0.59 



Nasua 

56 

87.6 

0.64 



Ailurus 

58.3 

95 

0.61 

25 

0.43 

Maries 

32 

56.5 

0.56 



Canis 

55 

88.5 

0.64 

26.2 

0.47 
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Jenkins 1983). Barunlestes , a Late Cretaceous 
eutherian from Mongolia, also hits long and slen¬ 
der ilium (Ki el a n-J a worowska 1978) although 
apparently not longer than in Mayulestcs. A long 
and narrow ilium is also present in Asiatberium 
(Szalay & Trofimov 1996). It seems therefore 
that a long and narrow ilium could represent the 
plesiomorphic condition of the mammalian 
ilium. Considering the morphology of the ilium 
of Mayulestcs, longer than that of the younger 
borhyaenoids, it is likely that early history of die 
superfamily is characterized by a shortening of 
the ilium y\ long and slender Ilium seems to he 
fairly constant in early mammals, which would 
indicate that it represents the plesiomorphic 
condirion. Furthermore, .such a morphology of 
the ilium is by for the most common one within 
marsupials. The shore ilium of Pucadelpbys 
would hence be specialised compared to that of 
the living didelphids. However, skeletons of Late 
Creraceous or Palaeocene marsupials are too 
scarce to provide adeqitare comparison and, so 
for, it seems difficult to ansvvci this question. 
Mayulestcs and Pucadelpbys have conspicuously 
everted iliac wings contrary to the condition 
observed in the living didelphids and phalange- 
rids which have relatively straight and narrow 
wings. An important extroversion ol the wing of 
the ilium is found in some cursorial (thylacine, 
canids, most ungulates),, lossorial [wombat, ban¬ 
dicoots (also cursosaltatutlal), aardvark, badgers, 
rate!], aquatic (phocids. walrus, sea otter) and 
arboreal mammals [koala, phalanger, small and 
giant panda, arboreal tree shrews, squirrels, 
lemurs, indri, spider monkey (the five latter, 
capable of powerful leaping)]. In the phalangc- 
rids, the iliac wings are slightly everted at their 
apices. Bears and anteaters also have everted iliac 
wings. In Cladosiciis and Prothylacynus , two 
borhyaenoids from the middle Miocene of the 
Santa Ctuz beds (Argentina) the eversion of the 
ilium is comparable to that of Mayulestcs. On the 
medial side of the wing of the ilium the erector 
spinae is inserted (consisting of the iliocostalis 
and longissinius musdes), a powerful extensor of 
the vertebral column. The origin of this muscle 
is on the dorsal side of the thoracic and lumbar 
vertebrae and ribs. An everted ilium, therefore, 
leaves more space to the posterior portion of the 


erector spinae at the angle between the vertebral 
column and the pelvis and denotes that this 
muscle was powerful in Mayulestes, as in 
Cladosiciis and Prothylacynus. The same can be 
said for Pucadelpbys. On the lateral side of the 
iliac wing are the origins of the glutei inedius 
and superficialis, muscles inserted on the tip of 
the greater trochanter (gluteus medius) and, 
more distally, on the lateral side of the greater 
trochanter (gluteus superficialis). An everted 
ilium allows for more space lor the gluteus 
medius and superficialis (and a greater muscular 
mass) than in an animal with a non-everted 
ilium as is the case in living didelphids. Other 
muscles originating on the anteroventral region 
of rhe ilium are the .sarrorins. and tensor fascia 
lata. These muscles are inserted on the patella 
and arc flexors of the hip and/or extensors of the 
leg. An everted ilium gives more power ro these 
muscles since it increases the lever arm ol their 
action. The morphology of the wing oi the ilium 
of Mayulestcs therefore indicates a more impor¬ 
tant activity ol the vertebral column and coxo- 
femoral articulation than in the living didephids. 
The epaxial musculature mentioned above 
contributes io the propulsive stroke of the hind 
limb wit'll vertical oi hotizonral (as in seals and 
walruses) movements of the vertebral column. 
Those movements can occur in all the ecotypes 
mentioned above. In the case of the arboreal eco¬ 
types (as noted above, Mayulestcs has several fea¬ 
tures of its forelimb that can interpreted as 
arboreal), eversion of die iliac wing can be due to 
leaping (lemurs, Indri, spider monkey), to lea¬ 
ping run [tree shrews (Jenkins 1974), squirrels], 
or to a vertical climbing position as observed in 
koalas and sometimes in cuscuses. Living didel¬ 
phids- which generally (when unstressed) do nor 
move very fost, which walk, on the branches with 
the help of their grasping rnanus and pes and 
which are not jumpers, do not have an everted 
ilium, The only living didephtd which has an 
ilium slightly more everted than the other ones is 
the terrestrial genus Metacbirus. This is probably 
related to the terrascansorial (Szalay 1994) mode 
of terrestrial locomotion of the brown four-eyed 
opossum, which is extremely agile on the ground 
and whose locomotion is a sort .of leaping run 
(Charles-Dominique pers. comm.). It is note- 


110 


GEODIVERSITAS • 1998 ■ 20(1) 



Mayulestes, a borhyaenoid from the Palaeocene of Bolivia 


worthy that the Plio-Pleisrocene saltatorial mar¬ 
supial Argyrolagus has an everted ilium (Simpson 
1970). Therefore, the Aversion of the ilium of 
Mayulestes probably denotes some leaping or 
bounding ability. 

The anteroventral iliac spine of Mayulestes is 
clearly deflected ventrally as in Cladoskth and 
Prothylacynus (but to a lesser extent). Among 
living didelphids the only form which shows an 
anteroventral iliac spine slightly deflected antero- 
venrrally is the terrascansonal MetachirUs. On 
the medial side of the anteroventral region of the 
iliac wing is inserted the quadratus lumborum, 
an imporrani flexor of the vertebral column. 
This muscle was hence powerful in Mayulestes. 
This condition is in agreement with the large 
transverse processes of the lumbar vertebrae 
(where the muscle originates) and with the infer¬ 
red strength of the elector spinae (the antagonist 
muscle of the quadrarus lumborum and psoas 
minor), On the anteroventral iliac spine the obli- 
quus abdomini internus was also probably inser¬ 
ted, as in many other marsupials (Elfiman 
1929). This muscle is another flexor ol the 
trunk. Flexion of the vertebral column is an 
important movement in cursorial and saltatorial 
mammals and acts in synergy with the recovery 
stroke of the hindlimb when the animal is run¬ 
ning or leaping (Elftman 1929). I’he fact rhat 
the anteroventral iliac spine of Mayulestes is rela¬ 
tively more developed than in the arboreal didel¬ 
phids indicates that, although certainly not 
cursorial, it was probably capable of relatively 
fast running (probably for 3 relatively short dis¬ 
tance) and/or some bounding. The greater deve¬ 
lopment of this spine in Cladosictis and 
Prothylacynus is indicative of snrne cursorial abili¬ 
ty (probably for short distances) in those 
Santacruzian forms and, very probably, boun¬ 
ding in order to seize their prey by surprise. This 
morphology of the anteroventral angle of the 
iliac wing is also present in the cursosallatorial 
(but also partly fossorial) Peretmele. r and in the 
superfossorial Orycteropus. However, since ir is 
absent in other fossorial mammals (wombat', fos¬ 
sorial rodents, armadillos, meline mustelids, 
gianr anteater) it is probably not related to dig¬ 
ging. Alrhough capable of a relatively fast gallop 
when chased (Novak & Paradiso 1983), 


Orycieropus is certainly not a cursorial animal. 
No interpretation is given here of the veiurolate- 
rally deflected anteroventral iliac spine of 
Orycteropus. In Pemtneles ir is probably related ro 
the pronounced leaping and running ability of 
this animal. 

It has been shown above that Mayulestes bears 
several features that can be related ro arboreality. 
Therefore, if rhis inrerprerarion is correct, the 
everted ilium and the well-developed anteroven¬ 
tral iliac spine ol Mayulestes could be interpreted 
as indicating some running and /01 leaping abili¬ 
ty, perhaps approaching the extremely fast and 
agile leaping run of tree shrews' and Squirrels hut: 
certainly not as last. Marshall & Sigogneau- 
Russell (1995r 150) have suggested that 
Pucadelphys had both leaping and digging ability. 
Since the scapula and the caudal vertebrae of 
Pucadelphys have been shown to have characters 
compatible with arboreality (shape and position 
of the acromion and pjehensile rail), an interpre¬ 
tation similar ro that of Mayulestes could be 
given for the everted ilium and the venrrally 
deflected anteroventral iliac spine of Pucadelphys. 
They are therefore preferentially related here to 
leaping rather than digging function. 

The tuberosity for the rectus femom is slightly 
larger in Mayulestes than in the living didelphids. 
However, it is much smaller than in Cladoskth 
and Prothylacynus. A well-developed tuberosity 
for the recrus femom is found in peramelids, 
sounds, tupaiids, canids, leporids. aardvark, 
giant anteater, some fossorial and some terrestrial 
rodents, lemurs, indri, Argyrohigus, Pucadelphys 
and Baruulestes. The rectus femoris is a powerful 
extensor of the knee and a flexor of the hip. Ir is 
an efficient actor during the srroke (if the exten¬ 
sors of the hip prevent it from flexion) and 
during rhe recovery phase. A powerful rectus 
femoris is an important advantage to increase the 
power and strength of the stroke. The need for a 
powerful stroke of the hindlimb is easily unders¬ 
tandable in a fas’t runner, in a jumper or in very 
agile, and active small mammals (arbo- or terras- 
cansorial). Ir is also essential in an animal which 
needs 10 he able to escape very quickly (because 
of predators or any kind of social behaviour). In 
Mayulestes the relatively small rectus femoris 
(only slightly larger than in the living didephids) 
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would indicate a much less active animal than a 
tree shrew or a squirrel but, a little more than in 
the living didelphids. On the contrary, 
Pucadelphys, with a well-developed tuberosity, 
probably had a stronger rectus femoris than in 
the living didelphids which could be related to 
an important agility possibly as is observed in 
squirrels or tupaiids. In Cladosictis and 
Prothylacynus which ate much larger animals, the 
inferred large size of the rectus femoris tuberosity 
could be related to bounding ability, an action 
used by non-cursorial predators which lie in wait 
and which is generally combined with fast but 
short run. 

The ischiatic tuberosity of Maytilcstes is smallet 
than in the Santa Cruz, borhyaenoids and most 
living didelphids. It approaches the size of that 
of Caluromys. A well-developed ischiatic spine is 
found in cursorial (thylaci'ne, canids, most ungu¬ 
lates, Dolichotis ), cursosaltatorial and saltatorial 
(lagomotphs, dipodias rodents), fossorial (wom¬ 
bat, marsupial mole, aardvark, gcomyids, 
bathyergids, meline mustelids), aquatic (sea 
otter, seals, walrus) and arboreal mammals 
[koala, lemurs, indri, avahi (although less develo¬ 
ped in those forms than in those mentioned 
above)]. Bears also have a large ischiatic tuberosi¬ 
ty, probably related to their capacity for hi pedal i- 
ty (occasionally and for short distances). Among 
Recent mammals the better developed Ischiatic 
tuberosities are found in cursorial and highly fos- 
sorial mammals. In the other Recent mammals 
the development is generally not so spectacular. 
However, a reasonably well-developed ischiatic 
tuberosity is present in some arboreal mammals 
(phalangerids, Dendrolagu r, sciurids, tupailds). 
In other respects, it is .noteworthy that, in the 
living didelphids, the Ischiatic spine is generally 
more developed in rhe terrestrial and arboreal- 
terrestrial forms than in the sttictly atboreal 
forms. Among fossil mammals. North American 
(arboreal) and Asiaric (terrestrial) multitubercu- 
lates have a well-developed ischiatic tuberosity 
(respectively, Krause &r Jenkins 1983; Kielnn- 
Jaworowska & Gambaryan 1994); it does not 
seem to be well-developed in Henkelotberium 
(Krebs 1991); it is weak bur salient in Gobicn- 
nodon {Jenkins & Schaff 1988) and rounded in 
Megazostrodon (Jenkins & Parrington 1976). 


Therefore, the reduced size of the ischiatic spine 
of Mayulcstcs indicates that it was certainly not 
cursorial not fossorial. Its condition is not incom¬ 
patible with arboreal life but does not particularly 
reinforce this hypothesis. 

The ischium of Mayulestcs is relatively long when 
compared to those of living didelphids (Table 7). 
However, its relative length is compatible with 
that observed m Cladosictis and Prothylacynus. As 
shown in table 7 the length of the ischium is 
quite variable in the 53Jne ecotype. Tor instance, 
fossorial mammals are considered to have a long 
ischium. This is obviously true for the super¬ 
digger Oryctcropit; but not for the geomytd or 
bathyergid rodents. Leaping mammals also have 
generally long ischia (allactaga, kangaroo). The 
benefit of a long ischium is an increase of the 
lever arm of the extensor muscles of the hip and 
knee (biceps femoris, semimembranosus, semi- 
tendinosus, quadratic femoris) and therefore a 
more powerful extension of the hind limb essen¬ 
tial in digging and leaping. In tupaiids and per- 
amclids chc ischia arc similar in size to those of 
Mayulestcs and Pucadelphys (Table 7). Tupaiids 
and peramelids arc extremely active and dynamic 


Table 7. — Relative length of the ischium in various marsupials 
and placentals. Lis, iength of the Ischium: Lt, total length of the 
innominate. All measuremenls are in millimeters. 



Lis 

Lt 

Lis/Ll 

Msyulestes (MHNC 1249) 

17.7 

43.5 

0.4 

Cladosictis (YPM PU 15170) 

37 

101.5 

0.36 

Cladosictis (YPM PU 15702) 

47 

123 

0.38 

Prothylacynus (VPM PU 15700) 

81e 

184 e 

0.44 

Pucadelphys (YPFB Pa! 6106) 

10 

24 

0.41 

Didelphls 

22 

75 

0.29 

Metachifus 

12.5 

40 

0.31 

Monode/phis 

8 

25 

0.32 

Marmosa 

5 

17.5 

0.28 

Caluromys 

14.5 

45 

0.32 

Phalanger 

23 

70 

0.32 

Sciurus 

18 

49 

0.36 

Tupala 

11.5 

30 

0.4 

Ailurus 

31 

93 

0.33 

Perametes 

35 

86 

0.4 

Orycteropus 

150 

260 

0.57 

Geomys 

14 

46 

0.3 

Bathyergus 

20 

47 

0.42 

Allactaga 

23 

45 

0.51 

Argyrolagus 

14.5 

38 

0.38 
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Fig. 53. — Posterior view of the proximal third of the left femur in several marsupials; A. Mayulestes', B, Caluromys ; C, Didelphis, 
D, Pucadelphys', E, Phalanger, F, Monodelphis: G, Metachirus. H, Borhyaena; I. Prothylacynus. Not to scale. 


mammals and the morphology of the ischia of 
Mayulestes anil Pucadelphys could simply be rela¬ 
ted to their agility (Perameles is also partially fos- 
sorial). However, the fact that tamanduas have 
the same ratio “length of the ischium/rotal length 
of the pelvis” as squirrels indicates that the inter¬ 
pretation of this feature is perhaps not as simple 
as it appears at first. 

Coxofemoral articulation. The relatively open 
acetabulum ol the pelvis of Mayulestes indicates a 
good mobility of the hip to a degree comparable 
to that observed in the most arboreal didelphids 
and in the Australian phalangerids. As in the lat¬ 
ter the thickened and elevated anterior border of 
the acetahulum provides a good anterior buttres¬ 
sing system of the hip articulation. The concave 
dorsal border (in dorsal view) of the acetabulum 
provides a greater amplitude of abduction (and 
in part of inversion) of rhe femur which allows a 
better opening of t he legs and gives more stabili¬ 
ty in the case of an arboreal animal, On the 
contrary this condition would he a handicap in 
the case of a terrestrial cursorial animal where 
the movements of the limbs tend to be parasagit¬ 
tal (Kappelman 1988). It is therefore probable 
that Mayulestes had a relatively more mobile arti- 
culation of the hip and greater ability to have the 
legs widely spread than Cladosictis and 


Prothylacynus. The condition ol Mayulestes was 
probably approaching rhat of arboreal marsupials 
such as didelphids and phalangerids. It is noie- 
worthy rhat a similar structure of the acetabulum 
is found in Eozostrodou, interpreted as partially 
arboreal by Jenkins be Parrington (1976)- 
Among Jiving forms it is present in tupaiids, in 
most arboreaf didelphids, in phalangerids and 
petaurids. Kielan-Jaworowska tk Gambaryan 
(1994: 70) note that: “Elftman (1929) stated 
that the acetabulum is open dorsally in arboreal 
didelphids and Pseudochirm". However, Elftman 
(1929: 223) actually stared: “In arboreal forms, 
such as Didelphys (sic) and Pseudochirus, the cup 
is more opened allowing grearer freedom of 
movement of rhe head of the femur”. Elfrman 
(1929: 225) also stated that “the acetabulum of 
Petauroides is somewhat more open than that of 
Pseudochirus" and “in Petauroides the acetabulum 
has a deeper notch dorsally than in Pseudochirus 
allowing extreme abduction of the femur during 
gliding." In fact rhe acetahulum is never totally 
open dorsally but Its dorsal border is more 
concave (in dorsal view) in arboreal forms 
( Caluromys, Caluromysiops) and terrestrial-arbo¬ 
real forms ( Didelphis) than in strictly terrestrial 
forms ( Metachirus ). 

On the proximal extremity of the femur, the tro- 
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Fig. 54.— Distal view ol the distal epiphysis ol the tight lemur in several marsupials: A. Caluromys\ B, Didelphls-, C. Philander, D. 
Monodelphis; E, Metachirus', F, Pucadelphys', G, Phalanger, H, Mayulestes-, I, Borhyaena; J, Prothytacynus: K, Thylacinus. 
Abbreviations: Ic, lateral condyle; me. medial condyle. Not to scale. 


chanters are well-developed and expanded in the 
plane of the epiphysis, The size of the rrochan- 
ters of Mayulestes is similar to that observed in 
phalangerids, slightly greater than in the living 
didelphids and much more developed than in 
the Santa Cruz horhyaenoids. Among the living 
didephids, the trochanters are more developed in 
the arboreal lot ms ( Calnromys , Didelphis , 
Philander). In the terrestrial forms ( Metachirus , 
Monodelphis) their relative size varies. In 
Metachirus the greater trochanter is relatively 
high (probably in relation to the leaping ability) 
while in Monodelphis the greater trochanrcr is 
smaller than in other didelphids, although the 
lesser trochanter is relatively well-developed 
(Fig. 53). The development of the trochanters of 
Mayulestes corroborates the great mobility of the 
coxofentoral. articulation suggested by the mor¬ 
phology of t he acetabulum. 

The morphology ol the coxofcmoral articulation 
and the proximal extremity of the femur of 
Pucadt'lpbys are Very similar to those of 
Mayulestes except a slightly deeper acetabulum 
and a slightly lower greater ttochanrcr in the for¬ 
mer. As in Mayulestes , the morphology of the 
acetabulum and proximal extremity of the femur 
of Pucadelphys Suggests a well-developed mobility 
and power of the coxofcmoral articulation and is 
consistent with somrarboreality. 

Femorotibial articulation. The distal epiphysis 
of the lemur of Mayulestes is anreroposteriorly 
longer than that of the Pidelpbidae and that of 
the Santa Cruz borltyaenoids (Fig. 54, Table 8). 
Calnromys, the most arboreal didelphid, has the 
most anteroposteriorly flattened distal epiphysis 


of the femur while the most quadrate (in distal 
view) is found in Metachirus which Is exclusively 
terrestrial. Between these two poles are several 
intermediate types of totally or partially arboreal 
genera. Phalangerids also have an anteroposte¬ 
riorly flattened distal epiphysis of the femur. A 
flattened distal epiphysis of the femur seems 
therefore related to arboreality in didelphids. 
However, the distal extremity of the femur is nor 
flattened in Tupaia , Scinriis , Nasua , A Hunts, 
although it is so in Potos. Therefore, an arboreal 
mode of life does not always implies the presence 
of a flattened distal epiphysis of the femur and 
the proportions of the distal epiphysis of the 
femur of Mayulestes (which are closer to those of 
Metachirus than to those of Calnromys) do not to 
argue against arboreal adaptation. An anteropos- 
tetiorly elongated distal epiphysis ol the femur 
indicates a greater amplitude of the movements 
of the knee which could be related to some run¬ 
ning or leaping ability. Highly cursorial canids 
and thylacinidx and saltatorial kangaroos or indris 
have a very triangular distal epiphysis of the 
femur. As a matter of fact the terrcsrrial 
Metachirus is a very active runner which shows 
good leaping ability and whose distal epiphysis ol 
the femur is much longer anteroposteriorly than 
in the other living didelphids. Therefore, the pro¬ 
portions of the distal epiphysis of the lemur 
would be more informative on the way of loco¬ 
motion than on the habits (arboreal vs terrestrial). 
The morphology observed in Mayulestes could 
possibly indicate a relatively more agile animal 
than the living didelphids, capable of some run¬ 
ning and/or some bounding or leaping ability 
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The distoproximal elevation of the femoral tro¬ 
chlea, its depth and its salient crests, when com¬ 
pared ro the living didelphids, suggest more 
stress in the articulation which would he in 
agreement with more powerful and faster move¬ 
ments. During fast movement a deeper trochlea 
is necessary for a better guiding of the tendon of 
rhe vasti and rectus Icmoris (which inserts on the 
tibial tuberosity) and to prevent it from disloca¬ 
tion. Living didelphids and cuscuses which have 
a shallow femoral trochlea are relatively slow 
movers (although some didelphids are faster than 
others, i.e. Metacbirus). Extremely fast saltatory 
runners (squirrels and tree shrews), cursorial 
mammals, arboreal jumpers' primates ( Tarsias , 
galagos, lemurs, cheirogaleids indriids) and salta- 
torial rodents (dipodids, pedetids, some ger- 
billids) generally have a well-marked, proximo- 
distally elongated femoral trochlea widi relatively 
elevated crests. As mentioned bv Tardicu (1983), 
a deep and long trochlea with elevated crests is 
fundamental in jumping primates and allows 
better retention of the patella in its articular 
position during extension. A well-marked tro¬ 
chlea seems to be related to last movements. 
Slow climbers such us lorisines primates have a 
wide and flat trochlea as seen in didelphids and 
phalangerids. However, the slow moving taman- 
duas and pangolins have a very deep trochlea 
with very elevated crests and ihe extremely fast 
squirrels and tree shrews do not have a more 
pronounced trochlea than the relatively slow 
moving lesser panda. Hence, the .significance of 
the femoral trochlea is not clear. Wirhin the 
borhyaenoids, Mayulestes resembles Cladosietis in 
having a well-marked trochlea but nor ns deep as 
in the fast moving jumping lemuriforms mentio¬ 
ned above. Borhyaena and Protbylacynus which 
have short and shallow femoral trochleae were 
certainly not as highly cursorial as a thylacine. 
Therefore, when compared with living didel¬ 
phids, rhe morphology of the trochlea of 
Mayulestes would indicate a more agile animal 
probably capable of some running and/or lea¬ 
ping, although, as mentioned above, this feature 
is not as reliable as is ofren believed. 

The femoral trochlea of Mayulestes is strongly 
asymmetrical and the lateral lip is much more 
elevated than the medial one. Furthermore, the 


lateral side ol the trochlea extends more proxi- 
mally on the anterior face of the diaphysis than 
the medial side. This is probably related to the 
size of the lateral condyle which is much larger 
than the medial one. An interesting .comparison 
can be made with the femur of Tnmanthia , where 
the medial condyle is the largest and where the 
medial crest of the trochlea is much stronger and 
much more elevated than the lateral one, Thus, a 
relation seems to exisr between rhe size of one 
distal femoral condyle and the development of 
the corresponding crest of the femoral trochlea. 
’The elevation of the lateral lip of the femoral 
trochlea corresponds to a necessity to prevent the 
joint from dislocation, more important on the 
lateral side of the joint than on the medial one. 
In Didel/this the average position of the femur 
when ihe animal is walking is close to horizontal, 
the knee being slightly lower than the hip 
(Jenkins 1971). In this position, a slight dorso- 
veiurul (anticlockwise for the left femur and 
clockwise lor rhe right cine) rotation of the 
femur on its axis will place the lateral lip of the 
trochlea below die medial lip. Such a position 
would imply die necessity lor a stronger lateral 
lip of the trochlea in order to maintain the patel¬ 
la (or the vastus tendon, if there was no patella) 
in the trochlear groove. A dorsoventrally rotated 


Table 8. — Proportions of the disfal epiphysis of the lemur in 
various marsupials. L, length; W. width. Ail measurements are in 
millimeters. 



W 

L 

L/W 

Mayulestes (MHNC 1249) 

7.9 

6e 

0.76 

Cladosictis (YPM PU 15170) 

21.5 

17 

0.79 

Prothylacynus (YPM PU 15700) 

42 

31 

0.74 

Borbyaena (YPM PU 15701) 

36 

26.7 

0.74 

Thylacinus 

32.5 

30.5 

0.93 

Pucadelphys (YPFB Pal 6105) 

4.8 

3.3 

0.68 

Pucadelphys (YPFB Pal 6106 left) 

4.8 

3.6 

0.75 

Pucadelphys (YPFB Pal 6106 right) 

4.9 

37 

0.75 

Pucadelphys [YPFB Pal 6110) 

4.5 

3.2 

0.71 

Caluromys 

9.5 

5.5 

0.58 

Didelphis 

13.7 

9.5 

0.69 

Philander 

10.3 

7.2 

0.7 

Marmosa 

2.5 

1.9 

0.76 

Monodelphis 

4.5 

3.2 

0.71 

Metachirus 

7 

6 

0.85 

Phalanger 

14.2 

10.5 

0.73 
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position of the femur will have the effect of 
adducting the crus. The utility of an adducted 
position of the crus is easily understandable in 
an arboreal (arboscansurial) animal which would 
climb grasping the branches laterally (or dorsola- 
terally) as the living didelphids or tupaiids do 
(Jenkins 1974, 1984). Therefore, considering 
the position of the fetnur, the morphology of the 
femotal trochlea of Mayulestes can be interpreted 
as related to arboreahty in the case of a didel- 
phid-like or tu pa id-like climbing strategy (see 
below) but was probably associated to fast and 
powerful movements. 

Another major feature of the tibiofemoral articu¬ 
lation of Mayulestes ; is the relative width of the 
distal condyles (Fig- 54, Table 9). As in didel¬ 
phids and phalangerids, the medial condyle is 
much narrower than the lateral one, while the 
contrary is observed in the Santa Cruz borhvae- 
noids. The didelphid condition varies according 
to the habits of the species. The most significant 
difference in the width of the condyles is obser¬ 
ved in Caluromys , the most arboreal didelphid. 
while in Metachirus , a terrestrial genus 
(Janson & Emmons 1990), the medial condyle 
is wider and the lateral condyle narrower than in 
Caluromys but the former is srill clearly narrower 
than the latter. Therefore, it seems that, among 
didelphids, the degree of arboreal icy is inversely 
proportional to the relative width of the medial 
condyle of the femur (i.e, the most arboreal, the 
narrowest). In Mayulestes . the relative size of the 
medial condyle (WM/WL 0.73) is close to that 
of Metachirus (WMAVT 0.75). It is, however, 
much Smaller than in the Santa Cru/. borhyaC- 
noids (WM/WE varies from 0.95 to 1.2) and it 
is eloser to the most arboreal didelphid 
{Caluromys WM/WL 0.48) than to Borhyaena 
and Cladosictis. It is noteworthy that Bozostra¬ 
don, a genus interpreted as partially arboreal, has 
a lateral condyle of the femur which approxima¬ 
tely twice the size of the medial condyle 
(Jenkins & Farrington 1976). T he distal 
condyles of the femur are generally subequal in 
width in the essentially terrestrial Caenolestes and 
in the eursosaltarorial Perameles. In Ptilodus, 
Styginys, •? Mesodina and ? Buevsrnodon, arboreal 
muhituberculatc-s from North America 
(Krause & Jenkins 1983: 221, figs 19B, 20F., 


Table 9- — Relative width ot the distal femoral condyles in mar¬ 
supials. Wl. width of the lateral condyle; Wm, widlh of the 
medial condyle. All measurements are in millimeters. 



Wl 

Wm 

Wm/WI 

Mayulestes (MHNC 1249) 

3.13 

2.3 

0.73 

Cladosictis (YPM pu 15702) 

10.2 

11 

1.07 

Bahyaena (YPM PU 15701) 

12.5 

17 

1.2 

Proltiylacynus (YPM PU 15700) 

16 

15.2 

0.95 

Caluromys 

3.9 

1.9 

0.48 

Philander 

4.2 

2.3 

0.54 

Didelphis 

6.4 

3.8 

0.59 

Marmosa 

1.28 

0.67 

0.52 

Phalanger 

7.2 

4.3 

0.59 

Monodelphis 

1.8 

1.5 

0.83 

Metachirus 

2.9 

2.2 

0.75 

Pucadelphys (YPFB Pal 6106) 

2.4 

1.8 

0.75 

Pucadelphys (YPFB Pat 6105) 

2 

1.5 

0.75 

Pucadelphys (YPFB Pal 6110) 

2.1 

1.6 

0.76 


21E), the lateral condyle of the distal epiphysis is 
wider than the medial condyle, while in 
Chuhanbaatar , a terrestrial multituberculate 
from the Gobi Desert (Kielah-Jaworowska & 
Gambaryan 1994: fig. 17). both Condyles are 
subequal in width; in Kryptohaatar, another ter¬ 
restrial multituberculate from the same region 
(Kielan-Jaworowska & Gambaryan 1994: 12), 
the medial condyle is wider than the lateral one. 
It seems, therefore, that narrowing of the medial 
distal condyle of the femur could be related to 
some kind of arboreality. The precise function of 
that peculiar morphology has not been elucida¬ 
ted. However, it is noteworthy that it is present 
in several nort-thenan mammals [Eozostrodon, 
Erythrotherium, Megazostrodon , Ptilodus , 
Stygimys, ? Mesodma, Eucosmodon, Henkelothe- 
rium (apparently, from Krebs 1991: fig. 11, 
pi. 3)]. In placental mammals, when distal 
condyles of the femur do not have the same 
width, the narrowest is always the lateral condy¬ 
le. Therefore, the presence of a medial Condyle 
conspicuously narrower than the medial one 
could represent a plesiomorphy. Mayulestes 
would thus retain the pleSiomorphic condition 
within mammals. 

The medial femoral condyle articulates, on the 
tibia, with a reniform, elongated and concave 
(almost grooved in Caluromys, Didclphis and 
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Phalanger) medial tibial facet which indicates 
anteroposterior movements and some rotational 
ability of the femorotibial articulation 
(Jenkins & Parrington 1976: 424). The lateral 
facet is wider, roughly quadrate and convex or 
flat and probably received the axis of rotation 
(Jenkins & Parrington 1976: 428). Ciperadio- 
graphic studies have demonstrated the necessity 
for such a rotation during the representative 
phases of the walking step in Didelphis (Jenkins 
1971)- It is likely that rotation movements of the 
knee are Useful too in climbing, in order to help 
the inversion of the foot while grasping the 
branch on which the animal is moving (see 
below). However, Jenkins & Mcl.earn (1984: 
216) noted that there is no significant contribu¬ 
tion of femorotibial rotation to foot reversal. 
Although less pronounced than in Caluromys or 
Didelphis , the condition ot Mayulestes clearly 
indicates some capacity for rotation of the knee. 
A similar femorotibial articulation is also found 
in Pacadelphys, although less developed than in 
most living didelphids. 

On the proximal epiphysis of the tibia, the tibial 
tuberosity is not protruding anteriorly in 
Mayulestes , didelphids, phalangerids and Phasco- 
Idrclos. As a consequence, the epiphysis is flatte¬ 
ned anteriorly and does not have the triangular 
shape observed in the Santa Cruz borhyaenotds 
and in highly specialised cursorial (thylacinids, 
canids, felids, ungulates) and terrestrial saltato- 
rial (kangaroos, rabbits, pedecids) mammals 
(Fig. 55, Table 10), The development of the 
tibial tuberosity indicates the importance of trac¬ 
tion exerted on the patellar ligament or (if there 
is no patella, as in didelphids) on the conjoined 
tendon of the vasti and rectus femoris. The 
action of these muscles'is a powerful extension of 
the leg, an essential movement in fastyrunning 
and jumping animals. On the contrary, rapidity 
and power of this movement is less important in 
the relatively slow-moving arboreal didelphids. 
In Metachirus, a terrestrial didelphid regarded by 
Szalay (1994) as subcursorial, the tibial tubero¬ 
sity is more developed than in the highly arbo¬ 
real Caluromys and the proximal epiphysis of the 
tibia is clearly triangular, while it is anteroposte- 
riorly flattened in Caluromys and Mayulestes. In 
fact, in didelphids there is a gradient of the shape 


Table 10. — Comparison of the proportions of the proximal epi¬ 
physis of the tibia in marsupials. L, anteroposterior length; 
W, transverse width. All measurements are in millimeters. 



L 

W 

L/W 

Mayulestes (MHNC 1249) 

5.4 

7.8 

0.69 

ClacJosictls (YPM PU 15046) 

19.1 

19.7 

0.97 

Prothylacynus (YPM PU 15700) 

36 

39.5 

0.91 

Thylacinus 

33.5 

29 

1.15 

Caluromys 

7.7 

8.5 

0.905 

Didelphis 

11.3 

122 

0.926 

Metachirus 

7.2 

7.6 

0.94 

Monodelphis 

3 

3.9 

0.77 

Phalanger 

9.2 

10.3 

0.89 

Potos 

14.8 

18.5 

0.8 


of the proximal epiphysis of the tibia from reni- 
torm in Caluromys (the most arboreal didelphid) 
to clearly triangular in Metachirus (a terrestrial 
didelphid). In Didelphis and Philander , both ter¬ 
restrial-arboreal genera, the morphology of the 
proximal epiphysis is intermediate. In Dendro- 
Ligus, the arboreal kangaroo, the tibial tuberosity 
is much less developed than in the terrestrial 
rnacropodids. An anteroposteriorly flattened 
proximal epiphysis-of the tibia is-also found in 
several slow moving arboreal eutherians (Potos, 
Ail urns. Tamandua, Choloepus, Bradypus). It 
seems that the faster the animal is moving, the 
more triangular the epiphysis will he. For instan¬ 
ce, the fast-moving squirrels have a more trian¬ 
gular epiphysis than Potos or Bradypus, hut do 
not have the anterior protrusion of the tibial 
tuberosity observed in a cursosaltutorial rabbit. 
Therefore, the morphology of the proximal epi¬ 
physis of Mayulestes would indicate relatively 
.slow movements,, which contrasts with the rela¬ 
tive agility suggested by the anatomy of other 
elements of the postcrania) skeleton (pelvis). 
However, the interpretation of that feature is 
probably more complex since, in the extremely 
agile and fast tupaiids, the proximal epiphysis of 
the tibia is relatively short anteroposteriorly 
while the distal epiphysis of the femur is not 
anteroposteriorly flattened. Furthermore, rhe sal- 
tatorial lemurifonns (indris, galagos, lemurs) 
have an ameroposieriorly short proximal extre¬ 
mity of the tibia associated with an anitropostc- 
riorly long distal epiphysis of the femur, with a 
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Fig. 55. — Proximal view oi the right tibia in several marsupials: 
A, Mayulestes; B, Didelphis ; C, Caluromys ; D, Metachirus, 
E, Phalanger, F. Phascolarctos, G. Thytacinus-, H, Frothy- 
lacynus. Not to scale. 

deeply grooved trochlea. Therefore, the morpho¬ 
logy of the proximal epiphysis of the tibia of 
Mayulestes , which is similar to that of the salrato- 
rial Iemuriforms mentioned above, could indi¬ 
cate some saltatorial ability. The combination of 
an anteroposteriorly long distal femur with an 
anteroposteriorly Short proximal tibia is also 
found in several terrestrial certopithecidvS 
(macaque, baboon) which are Very agile and, 
occasionally, good runners. The relative antero¬ 
posterior length of the distal epiphysis of the 
femur and the shortness of the proximal epiphy¬ 
sis and articular facets of the tibia would indicate 
that the ubial condyles call have an long trajec¬ 
tory on the femoral condyles, which denotes 
capacity of a significant amplitude of the move¬ 
ments of the knee as in saltatorial Iemuriforms. 
It is therefore perhaps nor incompatible with an 
agile and a relatively fast-moving animal, The 
morphology observed on the tibia of 
Prothylacynus and, to a lesser extent, Cladosictis, 
with a well-developed tibial tuberosity, would 


denote some cursoriality 3nd bounding ability. 
Diaphysis of the tibia. The well-marked cha¬ 
racteristic sigmoid morphology of the shaft of 
the tibia (in anterior view) of Mayulestes (proxi¬ 
mal third to half, bowed laterally; distal half to 
two thirds, bowed medially) is found in all living 
didelphids and to a lesser extent in Dasyurus , 
Pet aunts, Sniinthopsis, Acrobates , Pseudochjms and 
Deudrolag/ts, all arboreal or partially arboreal 
marsupial genera. A sigmoid tibia is also found 
in Caenokstes and Sitrcophihts, both mainly ter¬ 
restrial but capable of climbing and in some 
cases very agile (Novak & Paradiso 1983). 
Fotzostrodoiiy an arboreal form according to 
Jenkins 6c Partington (1976), also has a sigmoid 
tibia. The tibiae of the terrestrial ’Mongolian 
multitiiberculates Cb it Isa n baa tar , Kryptabaatar 
and Nemcgtbaatar are not sigmoid, but. straight, 
slightly bent laterally and strongly bent laterally 
respectively (Kielan-Jaworowska tk Gambaryan 
19.94), while those of the arboreal North 
American genera Ptilodus and ? Mesodma are sig¬ 
moid (Krause & Jenkins 1983). The tibia of 
Henkehnherium , regarded as a partially arboreal 
enpantotherc, is also slightly sigmoid (Krebs 
1991). However, the tibiae of Pucadelpbys, 
Phalanger and Phascolarctos , are straight. The 
tibia ol cynodonts is strongly bent laterally but 
nor sigmoid. The sigmoid morphology of the 
tibia is probably due to highly variable direction 
of the various tensions exerted on the bone in 
the case of an arboreal form, In cursorial mam¬ 
mals the direction of forces - is probably more 
parallel to the main axis ol the bone, whose 
straightness increases its mechanical resistance. 
Furthermore, the distribution of that feature 
among The multituberculate genera cited above 
would be indicative of a relation to some clim¬ 
bing ability. If this interpretation is correct, its 
absence in the koalas and phalangers is probably 
due to a different type of arboreal locomotion in 
these genera. It is noteworthy that die tibia of 
Cladosictis, Prothylacynus (probably both with 
some cursorial ability, i.e. tcrrascan.sorial) and 
Thylacinus (definitely cursorial) is straight. The 
presence of a very sigmoid tibia in Mayulestes 
certainly confirms its lack of cursorial adaptation 
and probably reinforces the hypothesis of arbo- 
reality. Nevertheless, biomechanical studies are 


118 


GEODIVERSITAS • 1998 • 20(1) 



Mayulestes , a borhyaenoid from the Palaeocene of Bolivia 


needed to confirm the relationships of a sigmoid 
tibia to arboreality. 

Astragaiotibial articulation. The upper ankle 
joint is important in understanding locomotory 
habits. The astragalus of Mayulestes is unknown, 
however, the morphology of the astragalar facets 
of the tibia are highly informative. As noted 
above, the flattened malleolus is oriented at an 
angle of 135° with the transverse axis of the 
tibial condyles. A consequence of this morpho¬ 
logy is that an extension of the upper ankle joint 
will automatically result also in an inversion and 
the sole of the foot which will tend to face poste- 
romedially. In Prothylacynus, Cladosiclis and 
Thylacinus, since the malleolus is approximately 
parallel to the transverse axis of the tibial 
condyles, an extension of the foot will orientate 
the sole posteriorly. In didelphids, phalangerids 
and petaurids, the lateral tibioastragalar facet is 
helical and an extension of the foot is also 
accompanied by an inversion. Didelphids are 
known for having very prehensile hands and feer 
capable of efficient hallucial grasping (except, 
probably, the hind foot of C/nnntectes, the aqua¬ 
tic didelphid). 'fhe same is true in phalangerids 
and petaurids. Figure 13 of Jenkins di Me Learn 
(1984) (which is based on photographs) well 
illustrates how Dedelphis walks on a branch. The 
hands and feet tend to grasp the branch laterally 
or dorsolaterally which constrains the animal to 
have its hands and feet facing, at least partially, 
medially. Another very demonstrative figure is 
that of Novak & Paradise (1983: 24, top photo¬ 
graph) where the right hindloot of a 
Caluromysiops standing on a branch, is extended 
and faces medially grasping the branch, the hal¬ 
lux being above and the other digits lateral 
(Novak & Paradiso 1983: 13, 61, h4-66, 68, 
70). 1 have made the same observation on 
Caluromys in captivity; in this genus grasping is 
also often achieved with digits I and II above the 
branch and digits III, IV and V, below. A similar 
grasping of the branch is also observed in 
Tupaia, although locomotion is much faster than 
in didelphids. JenkinS (1974: 98) states that 
“when running at maximum speed on small 
branches Tupaia glis su pi nates each manus as 
much as 90°. As the contact of both hands is 
nearly synchronous, the effect is to grip the 


branch between the right and left manus rather 
than to run on the top of it”. The same is obser¬ 
ved on the foot which is also abducted and 
inverted (Jenkins 1974) when walking on 
branches less than 2 cm in diameter. Consider¬ 
ing the shape of a branch, the position of the 
hands and feet during didelphid and tupaid 
arboreal locomotion appears to he obvious. So 
are the modifications of the upper ankle joinr 
movement and articulation. Therefore, the mor¬ 
phology of the distal exttemity of the tibia of 
Mayulestes and the resulting inferred moveiiiems 
of the ankle are in agreement with a didelphid 
type of arboreal locomotion, although morpho¬ 
logically different. In Pucadelphys the malleolus is 
also at an angle of more than 90° with the trans¬ 
verse axis of the tibial condyles. Furthermore, in 
this genus, the lateral tibioastragalar facet is 
slightly helical, although less than in living didel¬ 
phids. These features represent an indication of 
capacity of inversion of the foot during exten¬ 
sion of the lower ankle joinr and ability of hind- 
foot reversal as is observed in living didelphids 
and many other arboreal marsupials and placen- 
tals (Jenkins 1974). Tbe morphology of the 
astragaiotibial articulation of Pucadelphys is the¬ 
refore indicative C)t arboreality. Since the astraga¬ 
lus of Mayulestes is unknown, it is not possible to 
confirm the reversal ability (Jenkins & McLearn 
1984) suggested by the astragalar facets of the 
tibia. 

Calcaneum. The calcaneum of Mayulestes also 
provides important information on the move- 
mem of the lower ankle joint. Tbe total and sus- 
tcnvacular facets strongly face medially; while in 
Sipaloeyon they face mainly dorsally and slightly 
distally (Fig. 56). In living didelphids and pha¬ 
langerids the ectal and sustentacular facets also 
face mainly medially but to a lesser extent than 
in Mayulestes ; the medial orientation is more 
pronounced in Caluromys and Marmoset than in 
Didelphis and Metaehirus. The morphology 
observed in Sipalocyon is obviously related ro 
plantigrady. In that case, the astragalus directly 
receives the weight of the body through the 
tibioastragalar articulation with reduced shearing 
forces (tangential forces). The weight of the ani¬ 
mal is transmitted to the calcaneum through the 
ectal and sustentacular facets. Therefore, the arti- 
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Fig. 56. — Distal View ot the right calcaneum ot several marsu¬ 
pials: A. Mayulestes. B, SipaJocyon.C, Calutomysr. D. Didelphis. 
E, Marmosa: F, Pucadelphys-, G, Metachirus\ H, Phalanger. 
Abbreviaiions: CaA, calcaneoastragalar facet; CaCu calcaneo 
cuboid facet; CaCud, dorsal calcaneocuboid facet. CaCup. pos 
terior calcaneocuboid facet, CaFi, calcaneofibular facet; Su, 
sustentacular facet. Not to scale. 


culation must be the most perpendicular as pos¬ 
sible to the direction of the force and a dorsal 
orientation of the ectal facet of the calcaneum 
reduces the possibilities of medial sliding of 
astragalus in relation to the calcaneum. In didel- 
phids, the astragalus is not positioned above the 
calcaneum but on its medial side and the astra- 
galocalcanear facets are oriented medially. As sta¬ 
ted above, the articular surfaces must be as close 


as possible to a position perpendicular to the 
direction of major forces in order to reduce the 
possibilities of dislocation of the joint. 
Therefore, since the upper and lower ankle joints 
are grossly parallel, an increase of the medial 
orientation of the astragalocalcanear articulation 
will place the calcaneum and the foot in an 
inverted position and the sole will face medially 
or ventromedially. The inversion of the foot will 
tend to maintain the articular surface in a posi¬ 
tion as close as possible to a perpendicular posi¬ 
tion in relation to the main axis of the tibia (i.e. 
the orientation of the main force exerted on the 
articulation). Such a position has been .shown 
above to he basic in a didelphid-1 ike arboreal 
locomotion. This of course does nor mean that 
the most arboreal didelphid cannot walk or even 
run on the ground, which Caluromys c an do per- 
lectly well. It only means that these animals are 
scansorial and poorly adapted to long or/and fast 
runs, (t is likely that Sipalmyon , although cer¬ 
tainly not as well adapted to running as a diyla- 
cine, had betrer cursorial ability rhan any 
didelphid. The morphology of the lower ankle 
joint of Mayulestes with a medially oriented ectal 
facet, is similar to that observed in the most 
arboreal didelphids and is therefore compatible 
with arboreal life. It certainly does not suggest 
major terrestrial cursorial ability.. 

Tabic II illustrates the proportions of the tuber 
calcanei of several marsupials. Among the South 
American raxa, Mayulestes and Arpymlapus have a 
ruber calcanei longer than half of the total length 
of the hone. A long tuber calcanei is obviously 
an advantage to increase the power of the exten¬ 
sion of the ankle. This movement is useful to 
run (ungulates, canids) to dig (aardvarks, arma¬ 
dillos, bandicoots) and to jump (kangaroos, ban¬ 
dicoots, Argyro/agus, jerboas, gerbils). It has been 
shown above that numerous features of 
Mayulestes indicate arhoreality, bur nor cursoria- 
lity, Therefore, it seems more likely that its long 
tuber calcanei is related to some leaping ability 
or a leaping run as in tupaiids but probably less 
agile. Digging adaptations arc improbable. 

The tuber calcanei of Mayulestes is deep and nar¬ 
row. As stated by S/a lay (1994: 329, fig. 6.16), 
this morphology indicates strong plantar flexor 
musculature related to grasping and therefore 
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Table 11. — Comparison of the proportions of the calcaneum in 
various marsupials, Lt, total length; Ltu, length of the tuber. All 
measurements are in millimeters. 



Lt 

Ltu 

Ltu/Lt 

Mayulestes (MHNC 1249) 

9.4 

5.3 

0.55 

Sipalocyon (YPM PU 15154) 

21 

9 

0.43 

Didelphis 

12 

5.7 

0.47 

Pucadelphys (YPFB Pal 6106) 

5.9 

3 

0.5 

Caluromys 

8.2 

3.6 

0.43 

Metachims 

10.7 

5.3 

0.5 

Perameles 

22 

15 

0.71 

Argyrolagus 

8.8 

5.25 

0.59 


arboreality, A similar morphology is also found 
in Pucadelphys. 

The proximodisrally elongated ectal facet of the 
calcaneum of Mayulestes and its sustentacular 
facet, prolonged both proximally and distally, 
suggests enhanced capacity' of movement bet¬ 
ween the astragalus and calcaneum (Godinot & 
Prasad 1994). The morphology of the lower 
ankle joint thereiore suggests good rotational 
ability of the loot as is observed in several living 
arboreal mammals. 

The large and distal peroneal ptocess of the cal- 
caneurn of Mayulestes is* similar to that of 
Deccanolestes bisplopi (Godinot Ik. Prasad 1994; 
Prasad & Godinot 1994). According to these 
authors, this morphology is indicative of the 
relatively large size of the peronei longus and 
brevis and adductor digit! quinti, muscles invol¬ 
ved in movement ol eversion-inversion of the 
foot. As they mentioned it indicates “[...] fre¬ 
quent foot rotation movements necessary in an 
arboreal wav of life" (Godinot &r Prasad 1994; 
80). 

The sustentaculum tali is weaker in Mayulestes 
and in most living didelphids than in Sipalocyon. 
The large size of the sustentaculum in Sipaloryon 
is probably related to plantigrade terrestrial loco¬ 
motion. The small size of the sustentaculum of 
Mayulestes indicates that it was much less terres¬ 
trial than Sipalocyon and is in agreement with the 
hypothesis of the arboreal habits. 

Metatarsus. As shown in fable 12 the propor¬ 
tions ol the MtHI ol Mayulestes are slightly infe¬ 
rior to one third of that of the tibia. In Didelphis , 


Caluromys and Marmosa, the proportion of the 
Mtlll is between one foutth and one fifth the 
length of the tibia, in Phalanger It equals one 
fifth and in Philander it is less than one fifth. Jn 
Megazastrodon , the relative length of the medial 
metatarsals can be evaluated to one third of the 
length of the tibia. In Henkelotherium they are 
less than one third of the length of the tibia and 
in Ptilndus they are slightly longer than die third 
of the tibia. Jn Pucadelphys the proportion is 
intermediate between one fourth and one third. 
Considering the condition of living didelphids, 
it seems thar the shorter Mtlll are related to 
arboreal forms ( Caluromys, Didelphis Philander 
and Marmosa) while the more terrestrial genera 
(Metachiras and Manodelphis) have relatively lon¬ 
ger Mtlll. This idea has been impliedly expres¬ 
sed by Marshall 6c Sigogncau-Russell (1995). 
However, highly arboreal squirrels have a Mtlll 
approximating one thud of the length of the 
tibia. Megazastrodon, Henkelotherium and 
Ptilodus have much longer Mtlll than arboreal 
Recent didelphids and, nevertheless, have been 
interpreted as arboreal respectively by Jenkins & 
Parrington (1976), Krause &T Jenkins (1983) and 
Krebs (1991). Furthermore, the Mtlll of 
Mayulestes is proportionally longer than that of 
Caluromys or Didelphis and it has been shown 
above that this genus bears several features in its 
postetanial anatomy which arc compatible with 


Table 12 . — Relative length of the Mtlll and ihe tibia in various 
mammals.LMtlll, length of the Mtlll; Lti, length of the tibia. All 
measurements are In millimiters. 



LMtlll 

Lti 

LMtlll/Lti 

Mayulestes (MHNC 1249) 

13.3 

40.5 

0.328 

Pucadelphys (YPFB Pal 6106) 

7.1 

24e 

0.29 

Didelphis 

18 

83 

0.21 

Caluromys 

8.2 

37.6 

0.21 

Monodelphis 

6.6 

26.3 

0.25 

Marmosa 

4.4 

21 

0.21 

Phalanger 1 

21.5 

106 

0.21 

Metachirus 

18 

66 

0.27 

Philander 

7.6 

41 

0.185 

Henkelotherium 

4 

14 

0.28 

Ptilodus 

11.8 

28.8 

0.41 

Megazostrodon 

6 

18.8 

0.32 

Sciurus 

22.5 

66.5 

0.3 
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arborealiiy. Therefore, relatively long metatarsals 
appear to he nor so closely related to terrestrial 
habits. They do not seem to he exclusive of arbo¬ 
real habits but could just represent a plesiomor- 
phic condition. 

Conclusions on the postcmmal skeleton 
The postcranial skeleton of Maya losses has revea¬ 
led several features that indicate a great similarity 
with the living didelphids or/and which are com¬ 
patible with arboreaJity. 

Characters related to arborealiiy are: (1) the pre¬ 
hensile tail (if actually present in Mayulestes)-, 
(2) the anterior and distal development of the 
acromion; (3) the elevation of rhe spine of the 
scapula which indicates a powerful musculature 
necessary to the stability of the scapulohumeral 
articulation; (4) rhe great mobility of the scapulo¬ 
humeral articulation attested by the circular 
shape ol the head, its proximal orientation and 
the relatively low tubercles; (5) rhe large size ol 
the epicondyloid ridge and rhe distomedially 
protruding medial epicondylr which denote fre¬ 
quency and strength in the movements of the 
hand anil lingers; (6) the great length ol the ole¬ 
cranon, strongly bent anteriorly and medially 
and which is excavated medially by a deep lossa 
for the flexor muscles of the hand and lingers; 
(7) the morphology of the McV which denotes 
good grasping ability; (8) the shallowness ol the 
acetabulum and the excavation of its dorsal bor¬ 
der which indicate an important mobility of the 
coxofemoral articulation; (9) the large size of the 
trochanters of the femur and the medially bent 
greater trochanter which also indicate a great 
mobility ol rhe hip; (10) the sigmoid morpho¬ 
logy of the diaphysis of the tibia which indicates 
the great variety ol fbrCe directions exerted on 
the bone; (II) the morphology of the distal arti¬ 
cular surface of the tibia which indicates that an 
extension of the four was accompanied by inver¬ 
sion; (12) the narrow and proximodistally elon¬ 
gated octal facer of the calcaneum; (13) the 
laterally oriented octal and sustentacular facers 
(i.e. the lower ankle joint) which indicates that 
the proximodistal resultant forces exerted on rhe 
joint will he oriented perpendicular to it (which 
allows the best stability ol the joint and avoids its 
dislocation) only if the foot is inverted; (14) the 


proximodistal length of the sustentacular facet 
which is indicative of good rotational ability of 
the foot; (15) the large size of the peroneal pro¬ 
cess which indicates the large size of three 
muscles involved in movemenrs of eversion- 
inversion;. (Id) rhe elevated and narrow tuber 
calcanei which indicate strong flexors of the foot 
and therefore good grasping ability. 

Some fearures are not strictly related to arbo- 
realicy but are compatible with this way of life 
and are informative on rhe locomotion of 
Mayulestes and indicate a relatively agile animal 
capable of bounding. They are: (1) the posterior 
position of the anticlinal vertebra (L4) which 
indicates that Mayulestes was not cursorial; (2) 
the size of the neural spine and transverse pro¬ 
cesses of the posterior lumbar vertebrae which 
indicates a powerful epaxi.il musculature; (3) the 
morphology and the position of the pre- a nd 
posr/.ygapobyscs of the last thoracic and lumbar 
vertebrae which denote an important mobility ol 
the posterior vertebral column; (4) the long, 
arircriorly hcnc olecranon ol the ulna, which 
indicates powerful extensions ol the elbow (for 
instance lor leaping); (5) the everted iliac wing 
and the vcntrolatcrally oriented anteroventral 
iliac spine which indicates a powerful ep.ixial 
musculature, importance ol the flexion-exten¬ 
sion movements ol the column and mobility of 
the coxofemoral articulation;' (6) the relative 
depth of the femoral trochlea and the elevation 
of its crests which arc related to agility of the ani¬ 
mal; (7) the flattening of the proximal epiphysis 
of the tibia which is also found in some saltato- 
rial lemuritorms; (8) the relative length of the 
tuber calcanei which indicates leaping and/or 
running ability. 

furthermore, the elongation and the great 
dimensions of the neural spine of the axis are 
indicative of a robust nucchal musculature com¬ 
patible with predaceous habits. 

Habits zi/TvIayulestes ferox 

The question of arboreal vs terrestrial habits have 
been discussed by Jenkins Sc Partington (1976). 
The authors stated that the behavioural lacror is 
essential since in arboreal groups some taxa are 
terrestrial because ol any kind ol preferences 
(feeding, physiological, ethological, etc.) even if 
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rhey can climb perfectly well. However, Jenkins 
(197-4: 91) stated that ‘ the evidence for locomo- 
tory behaviour in both captive and wild tree 
shrews indicates a moderate diversity' of habitat 
preference. Clearly' some tree shrew species are 
more arboreal than others; other species are more 
or less terrestrial, Perhaps the most significant 
fact is that all tree shrews species can climb and, 
at least occasionally, if not frequently; do so”. 
I’he same is true for didelphids, where the terres¬ 
trial genera Metachirus and Monodelphis are 
reported as good climbers (Novak & Paradiso 


1983). Hildebrand (1961: 249), who stated 
(referring ro the didelphid genera Metachirus, 
Monodelphis, Philander, Didelphis Mannosa ) that 
“the more arboreal animals differ from the 
semiarboreal and terrestrial animals in behaviour 
pattern but not in morphology. Any' of them 
could climb or walk well if it ’wanted’ to”. 
Contrary to Hildebrand statement, clear anato¬ 
mical differences can be related to the arboreal; 
semiarboreal or terrestrial habits in didelphids, 
Detailed analysis of the postcranial skeleton 
reveals morphological differences for almost 



Fig. 57. — Reconstruction of the skeleton of Mayulestes fetor (approx, v 0.7). The elements of the skeleton which are missing in the 
holotype are inspired by the recent arboreal genera Caluromys and Didelphis rather than the terrestrial Santa Cruz borhyaenoids. In 
this reconstruction, the tail is regarded as prehensile because of the morphology of C8? and C9? and the number of caudal verte¬ 
brae is estimated to approach 30 (as in Caluroroys where it varies from 30 to 35), The manus and pes are also regarded as prehen¬ 
sile, as in living didelphids and it is hypothesized that Mayulestes could have used (at least sometimes) an arboreal way of 
locomotion similar to that observed in the Recent arboreal didelphids. 
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every limb bone, some of which can be related to 
their habits. Furthermore, Grand (1983) has 
related the difference in limb proportion of 
Metachirus and Monodelphis to their way of loco- 
motion. The most important fact is certainly, as 
stated by Jenkins (1974) for tree shrews, that in 
both groups (tupaiids and didelphids) all the 
species can climb well [except perhaps Meta¬ 
chirus (Atramemovitz pers. comm.)]. This indi¬ 
cates that for both families arboreality is proba¬ 
bly a plesiomorphy. Therefore, since changes in 
habits is' mainly due to behaviour, it is probable 
that features of the postcranial skeleton of these 
mammals (whether arboreal, semiarboreal or ter¬ 
restrial) actually represent arboreal way of life. 
Since behaviour is not observable in fossils it is 
obvious that an animal regarded as actually arbo¬ 
real could be a terrestrial form with a skeleton 
bearing arboreal features (like Monodelphis or 
Tupaia tana). To conclude, another important 
remark of Jenkins (1974: 91) is that the range ol 
adaptive types is probably too subtle to be 
understood in terms ol the gross categories of 
arborealism and tcrrcstrinlism. It is likely tbar 
these two poles are separated by a great amount 
of intermediate stages representing a gradient 
from one condition to the other. 

In the following interpretation, it a clear position 
is taken concerning the wav of life of Mayidestes, 
it is obvious that behavioural parameters, which 
could have notably modified the conclusions 
exposed below, could not be taken into account. 
Given the preceding discussions and lists of cha¬ 
racters, it is highly probable that Mayulestes was 
at least partially arboreal. Its mode of locomo¬ 
tion could have approached that of tupaiids 
(although certainly not as fast and agile) weasles, 
or Metachirus (on the ground). The postcranial 
skeleton of Mayulestes shows ability for leaping 
or bounding, which is in agreement with preda¬ 
ceous habits. It is likely that Mayulestes was more 
agile than most living didelphids. Mayidestes was 
certainly not exclusively arboreal as is Caluromys 
and it probably spent part of its time on the 
ground, perhaps under the pressure of some ali¬ 
mentary or cthological factors. With its short 
limbs and its short 3nd blunt snout (when com¬ 
pared to didelphids), Mayulestes probably had an 
external aspect similar to that of the living wea¬ 


sels (Fig. 57) Although it was certainly more 
arboreal (most of the weasels climb well but are 
not considered arboreal mammals), its agility 
was probably similar. Like weasels, Mayulestes 
was certainly an efficient predator which could 
have fed upon the abundant fauna ol small 
insectivorous marsupials ( Puradelphys, Mizqite- 
delphys , hicadelphys , Tiulordia, Peradectes , Kahsia , 
Jaskhadelphys) . In size, these animals are similar 
to the small rodents that make an important part 
ot the diet of the various species of Mustela. 
Weasels are known (Novak & Paradiso 1983) to 
attack sometimes animals much larger than 
themselves (i.e. adult hares). A further compari¬ 
son of Mayulestes with Mustela therefore suggests 
that larger omnivorous animals like the small 
condylarths ol Ttupampa ( Tiuclaenus, Molinodus 
or Pucanodus) or caroloameghiniids such as 
Robcrthoffstctteria could have also represented 
occasional prey for Mayulestes. Larger didelphids 
such as Andinodelphys, other predaceous marsu¬ 
pials like Allqokirus and the large (for the fauna) 
panrodont Alcidedorbignyct arc less probable to 
have represented easy prey lor Mayulestes. 
Among the non-mammalian fauna, the Icpto- 
dactylid frog Estesius is very likely to have repre¬ 
sented an importanr part of the diet of 
Mayulestes. 

Evolution of the locomotion and habitat preferences 
of the borhyaenoids 

The other bnthyaenoids known by partial skele¬ 
ton ate the four genera of the middle Miocene 
Santa Cruz beds of Patagonia: Cladosictis, 
Sipalocyon, Prothylacynus and liorhyaena and the 
skeleton of Lycopsis from the late Miocene of La 
Vcnta (Colombia; Marshall 1977a). They are 
much larger animals than Mayulestes and range 
in size from a small fox to a small beat. They 
were terrestrial and show some cursorial adapta¬ 
tions, although they are not as highly adapted as 
thylacines or canids. Several featutes of their 
posicranjal skeleton indicate an intermediate 
morphology between Mayulestes and thylacines. 
They are: (1) the anterior position of the anticli¬ 
nal vertebra (on the last thoracic?); (2) the 
straightness of the ulna, whose olectancm is long 
but not henr anteriorly (in Rnrhyaena. the dia- 
physis of the ulna is even bent posteriorly' as in 
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all cursorial mammals); (3) the straightness of 
the femur, whose proximal epiphysis is not bent 
medially; (4) the straightness of the tibia; (5) the 
strong development of the fibial tuberosity; 
(6) the anteroposterior orientation of the medial 
malleolus of the tibia, which restricts the ankle 
mos'ernent to flexion-extension; (7) the reduc¬ 
tion of the hallux. 

However, some features clearly indicate that the 
Santa Cruz borhyenoids were not highly curso¬ 
rial mammals. They are: (1) the development of 
the epicondyloid crest and medial epicondvle of 
the humerus, indicating a good mobility of the 
hand and fingers, which is generally not found 
in cursorial mammals; (2) the absence of a poste¬ 
rior curvature of the femur, a feature present in 
thylacines and canids; (3) the weak (when com¬ 
pared to cursorial mammals) excavation of the 
femoral trochlea, which denotes slower and wea¬ 
ker movements of die knee (in ocher words, less 
stress in the femorotibial articulation); (4) the 
scmiplantigrady attested by the morphology of 
the tarsus. 

Among the Santa Cruz borhyaerioids, however, 
some differences can he noted in the anatomy of 
the limbs bones and. therefore, in morphofunc¬ 
tional interpretation. In Prothylacynus, the hume¬ 
rus has a (datively circular head as in Mayulestes, 
which indicates a greater mobility of tile shoul¬ 
der than in Cladosictis , where rhe humeral head 
is clearly elongated anteroposteriorlv (Table 3) 
and matches the W/L ratio observed in 
Metachirm and Thylacintu, respectively, cursosal- 
tatorial and cursorial marsupials (rhe humerus of 
Borhyaena is unknown). Nevertheless, because of 
the higher greater tuberosity of its humerus, the 
shoulder of Prothylacynus must have been Jess 
mobile than thar of Mayulestes. In Prothylacynus 
the presence of a deep fossa on the posterior face 
of the lesser tuberosity and medial border of the 
head indicates a powerful accessory head of the 
triceps. This condition denotes important capa¬ 
cities of extension or retention to flexion of the 
elbow. The extremely developed entepicondylar 
crest ot the humerus is related to good mobility 
of the manus (pronation-supination and flexion- 
extension). The capitulum of the humerus and 
the humeral articulation of the radius are oval¬ 
shaped (only slightly wider than long) which 


indicates a fairly good capacity for pronation- 
supination movements. The radius of Prothy- 
lacynus bears along its shaft (as in Caluromys) a 
well-developed lateral crest which receives part of 
the origins of the pronator quadratus (on the 
posterior side) and abductor ppllicis longus (on 
the anterior side). These muscles are generally 
attached on the interosseous membrane and the 
presence of a well-developed medial crest of the 
radius, which partially fills die interosseous space 
indicates much stronger muscles. The medial 
face of the olecranon of the ulna bears a deep 
medial fossa for the flexor of the manus and fin¬ 
gers. Therefore, the morphology of the elbow 
and forearm of Prothylacynus indicates an enhan¬ 
ced mobility of the elbow, wrist and fingers. 

In Borhyaena , the humerus is unknown, but the 
ulna is highly informative. The shaft of the bone 
is slightly recurved posteriorly and the apex of 
the olecranon extends posterodistaJly, whereas, in 
Prothylacynus the ulna is globally straight but 
slightly convex posteriorly, at the level of the 
radiohumeral articulation. In CLidosictis the ulna 
is intermediate between those of Borhyaena and 
Prothylacynus. Contrary to the condition obser¬ 
ved in Prothylacynus , the flexor fossa of 
Borhyaena , on the medial face of the olecranon, 
is shallow as in thylacinids and canids. The beak 
of the olectanon protrudes anteriorly to a greater 
extent than in Prothyalcinus and the greater sig¬ 
moid cavity is less open than in Prothylacynus. 
This condition of the elbow articulation of 
Borhyaena indicates a greater stability of the joint 
than in Prothylacynus in order to tolerate a grea¬ 
ter Stress (for instance when running). The 
humeral articulation of the radius in Borhyaena 
(W/L ratio = 0.59) and Cladosictis 0X71, ratio = 
0.606) is much more transverse than in 
Prothylacynus (W/L ratio = 0.77) and the lateral, 
border of the shaft is rounded and bears no crest 
as is observed in Prothylacynus and Caluromys. 
This morphology is indicative of lesser mobility 
of the forearm, manus and fingers than in 
Prothylacynus and is in agreement with better 
cursorial abilities. The condition of the humerus 
head of Cladosictis (much longer than wide) 
denotes a predominance of parasagittal move¬ 
ments of the forelimb. It is therefore possible 
that Borhyaena and Cladosictis were, at least par- 
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tially, cursorial or semicursnrinl. Prothylacynus 
has a forelimh compatible with agility and good 
capacity of grasping (possibly some climbing). 
However, the protruding tibial tuberosity of 
Prothylacynus also indicates a great power ol the 
knee extensors compatible with some running 
(or/and hounding) ability (the tibia of Borhyaena 
is unknown and that ol Cladosictis also lias a 
strong tibial tuberosity). The locomotor}' habits 
and other limb uses of Prothylacynus could gross¬ 
ly approach those of living bears or large fclids 
which have fairly mobile foreliinbs (although 
very probably less than Prothylacynus) and which 
arc capable of very last running (especially 
fclids). Prothylacynus could have had a forelimb 
slightly more agile than rhar of living bears (with 
reasonably good climbing ability as bears) and 
could have been a slightly better runner rhan 
bears (bears have an antcroposicriorly shorter 
proximal epiphysis of the tibia) but certainly not 
as fast as a felid. It is very probable that Borhy¬ 
aena was a better runner and bad lesser mobility 
of the forearm than Prothylacynus. Borhyaena anil 
Cladosictis , seem to have initiated a cursorial 
adaptive trend whose extreme specialisation is 
observed (among marsupials) in the thylacine. 
Prothylacynus and Borhyaena are similar ip size 
and coexisted in the same environment of the 
Santa Cruz beds; they should therefore have had 
different ecological niches. As a matter of fact, 
the motphology of their limb bones certainly 
indicates different habits, although the determi¬ 
nation of their mode of locomotion and other 
use of the fore limbs still remains poorly defined. 
The Santa Cruz borhyaenoids were efficient pre¬ 
dators, -although to various degrees (Sinclair 
1906). -Some features indicate that they were 
more predators than scavengers. They are: (1) 
the very large and elongated morphology of the 
neural spine ol the axis which denotes the 
strength of the neck musculature necessary when 
seizing a prey; (2) the eversion of the iliac wings 
which indicates a powerful epaxial musculature 
necessary for leaping onto prey; (3) the presence 
of large claws; (4) the presence of some running 
ability as indicated by the morphology of the 
knee. 

Therefore, die large and medium-sized Miocene 
borhyaenoids were terrestrial animals (with per¬ 


haps some arboreality in Prothylacynus ) capable 
of relatively efficient running (to a greater extent 
in Borhyaena) but probably for a short distance. 
Since they were predators, in ordet to seize prey 
such as the relatively fast-running iiotoungulates 
and litoptems, it is likely iHat they had to hunt 
lying in wait as ambush predators, bounding on 
their prey at the appropriate moment in a way 
somewhat comparable to that ol the living fclids 
(this is especially true for Prothylacynus). Because 
of their relatively short limbs (Sinclair 1906) and 
the fact that they were semi plantigrade, it is pro¬ 
bable that they were not capable of such a fast 
running as the living fclids and, hence, were pro¬ 
bably nor as efficient. 

Mayulesres, die oldest known borhyaenoid, was 
partially arboreal and ii.s mode of locomotion 
was probably a moderately fast weasel- or 
tupuiid-like leaping run. Geologically younger 
borhyaenoids from the Miocene are terrestrial 
and probably sCansorial with good ability for 
bounding. Borhyaena and Cladosictis were proba¬ 
bly better runners- than Prothylacynus , which 
could have had some climbing ability. 

Way oj life e/'Bucadelphys 
Marshall & Sigogncau-Russell (1995) have sug¬ 
gested a terrestrial mode of life for Puradetphys, a 
didelphoid from Tiupampa, However, this study 
has pointed out several features of Pucadelphys 
which indicate that it was, -at least partially, arbo¬ 
real. The features mentioned above are: (1) pre¬ 
hensile tail (contra Marshall & Sigogneau-Russell 
1995), (2) large acromion developed anteriorly 
and distally; (3) humeral head approximately as 
wide as long with relatively low tubercle deno- 
ring a good mobility of rhe shoulder; (4) very 
laig;e epicondyloid crest and medial epicondyle 
which indicate important capacity for flexion 
and extension of the hand; (5) olecranon of the 
ulna strongly bent anteriorly; (6) olecranon bent 
medially, with a deep medial fossa for the flexors 
ol the mantis and digit; (7) salient crest of the 
pronator quad tutus on the medial side of the dis¬ 
tal extremity of the diaphysis of the ulna; 

(8) acetabulum relatively open with an excavated 
dorsal bolder (concave laterally), which indicate 
a good mobility of rite coxofemoral articulation; 

(9) strong development of the femoral trochan- 
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rcrs which also indicates good mobility of the 
hip; (10) helical astr.lgalar facet on the tibia, 
which allows inversion movements of the foor; 
(11) large peroneal process of the calcaneum 
which also indicates frequent inversion-eversion 
movements of the loot; (12) elevated and narrow 
tuber calcanei which denotes strength of the 
digital flexors ol the pes; (13) sustcntacular facet 
medially oriented and distally extended; (14) 
capacity of hind foot reversal as indicated in 
Marshall &t Sigogneau-Russell (1995, figs 25A, 
41, 45 and 48) and as corroborated by the mor¬ 
phology (if the astragalar trochlea observable 
after further preparation of specimen 
YPFB Pal 6106. 

Considering the morphology of its lumbar verte¬ 
brae and ilium, Pucadelpbys was probably fairly 
agile and was probably capable of leaping, as sta¬ 
ted by Marshall & Sigogneau-RusselI (1995). 
Digging ability suggested by these authors is pos¬ 
sible although Pucadelphyi does not show any 
undoubted and exclusively fossorial adaptation 
such as finger modifications (stoutness of the 
mctapodials, large claws). In fact, many non-fos- 
sorial mammals can dig (some dasyurids, many 
canids, lagomorphs, many non-hypcrfossorial 
rodents, some viverrids, tcnrecids. solenodoncids, 
some soricids, some macroscclids). However, the 
association of arboreal adaptations to the lack of 
obvious fossorial adaptations Seriously reduces 
the credibility ol true fossorial habits in 
Pucadelphyi. The specialisations of the pelvis of 
Pucadelpbys mentioned by Marshall & 
Sigogneau-Russell (1995: 149, 150) are also, as 
the authors mention-, leaping adaptations. 
Furthermore, the authors compare Pucadelpbys 
with Pert Dicks which they consider as a digging 
form. If it is true that Perameles often forages the 
ground in search for food, it is also an extremely 
agile runner and leaper which is also responsible 
for tire morphology of its ilium. This well- 
known adaptation of Perameles (Novak & 
Paradiso 1983) is never mentioned by 
Marshall & Sigogneau-Russell (1995). Given the 
discussion above, it seems more probable that 
locomotion in Pucadelpbys was a sort of leaping 
run similar to that of Metacbirus, although pro¬ 
bably not so agile. Cifelli er al. (1988) have 
shown that, in primitive tribosphenid mammals, 


“terrestrial species are clearly distinguished from 
arboreal form on the basis of their more heavily 
pitied and deeply striated crushing and shearing 
surlaces respectively on molar crowns". These 
microvvcars, in terrestrial forms- is probably due 
to the dust, sand grains and earth which is inges¬ 
ted with aliments on the ground. It is likely that 
this condition should be greatly enhanced in the 
case of a fossorial species. However, since 
Pucadelpbys was probably both arboreal and ter¬ 
restrial it i.s probable that the observation of well- 
marked micro wear features would not be of great 
significance. Considering the influence of ctho- 
logical factors in arboreal it)' vs Icrrestriality, it is 
not possible to determine if Pucadelpbys was 
more ur levs terrestrial than arboreal. It is clear, 
however, that it bad arboreal ability. It may have 
represented a stage close to the plesiomorphic 
condition. 

Arboreality vs icrrestriality 

The interpretations presented here of the way of 
life of Mayulestes and Pueadelpbys require the 
combined presence of a prehensile tail and a rela¬ 
tive agility with reasonable running and leaping 
ability. Ffowever, as mentioned by Cartmill 
(1974: 51), no living animal with a prehensile 
tail has an extremely agile arboreal locomotion 
except the acrobatic ceboids. Nevertheless, the 
combination of a prehensile rail with agile lea¬ 
ping -and running is well known in A letacbirus, a 
terrestrial didelphid. In tills case, the prehensile 
tail o $ Metachi ms is not used for climbing but 
probably represents a plesiomorphic feature, 
heritage of the arboreal ancestor of Metacbirus. 
Therefore, a plausible interpretation could be 
that Mayulestes and Pucadelphyi were both arbo¬ 
real -and terrestrial (which is highly probable) 
and that their agility was mainly used on the 
ground. Their arboreal locomotion was probably 
more cautious which would be in agreement 
with Cartmills statement. Two other interpreta¬ 
tions in agreement with Cartmill s statement 
could be considered: (1) Mayulestes was terres¬ 
trial but recently evolved from an arboreal ances¬ 
tor, thus retaining several arboreal features on its 
skeleton; the agility of Mayulestes would there¬ 
fore be derived as is that ol Meta.chi.rus; (2) 
Mayulestes was mainly arboreal but is derived in 
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having acquired agility and lost a great part of 
the prehensility of its tail; Mayulestes would have 
had an arboreal locomotion close to that of 
squirrels or tree shrews. This interpretation 
implies that the plesiotnotphic condition is a 
relatively slow locomotion with a prehensile tail 
(didelphid-like) which is far from being demons¬ 
trated. In other respect, it is noteworthy that 
arboreal conditions in the early Palaeocene do 
nor have to be similar to those in the present. 
The fact that some features of Mayulestes and 
Pucadelphys indicate agility combined with a pre¬ 
hensile rail is perhaps an evidence which contra¬ 
dicts Cartmils statement. In facr, it is probable 
chat the actual locomotor biology of Mayulestes 
was more eclectic than the four hypotheses pro¬ 
posed above. The arboreal features of Mayulestes 
indicate that it was very probably capable of 
climbing, it probably had a prehensile tail, irwas 
probably partially terrestrial and it was relatively 
agile. How these four characteristics combine 
and their relative importance in the biology of 
Mayulestes is difficult, perhaps impossible, to 
establish so far. It seems reasonable to conclude 
that Mayulestes had good potential for arboreality, 
agility and prehensility of the tail; Mayulestes is 
not an extremely derived arboreal mammal and 
certainly was also partially terrestrial. 

Therefore, analysis of the postetanial skeleton of 
Mayulestes shows that the evolution of borhyae- 
noids is characterized by a loss of arboreality. 
This would indicate that this adaptation is a 
marsupial symplesiomorphy within the superfa¬ 
mily. Furthermore, the almost universal arbo¬ 
reality (or climbing ability) of the didelphoids 
(including Pucadelphys) also indicates that arbo¬ 
reality probably represents the plesiomorphic 
way of life of this group. The morphofunction- 
nal study of the Tiupampa marsupial skeletons 
therefore seems to corroborate the conclusions of 
Szalay (1984: 254) that rhe stem marsupials were 
primarily arboreal mammals. 

GENERAL CONCLUSIONS 

Mayulestes ferox is the oldest known borhyaenoid 
represented by a skeleton and is the most primi¬ 
tive member of the superfamily. It is represented 


by one of the two oldest known skeletons of 
American marsupials. Dental morphology dearly 
indicates an animal engaged in the way ol hyper- 
carnivorous specialisation, although relatively 
discretely. The development ol a prevallid- 
posrvaltum shear (and the related transforma- 
rions of the tooth morphology) is a common 
adaptation among meat-eating mammals and 
has appeared at least in six different groups of 
mammals and very probably several times within 
•each group. It is therefore a highly homoplastic 
apomorphy which has reduced phylogenetic 
value. One apomorphy at Mayulestes also found 
in the contemporaneous genus Allqokirus is the 
reduction of the entoconid, which is regarded 
here a synapomorphy of the family Mayuies- 
tidae. Because of die presence of a reduced ento¬ 
conid, the Mayulesridae cannot be ancestral to 
the late Palaeocene genus Patene from Itaborai 
which has a wdl-dcveloped entoconid. On the 
other hand, they constitute a good potential 
dental ancestor for cf. Nemolestes sp. from the 
same locality, a primitive Borhyaenidae which 
has lost its entoconid and has a reduced metaco- 
nid. However, cranial remains from this genus 
are needed to test this hypothesis. 

The presence, in Mayulestes , ol live upper and 
four lower incisors (I4/i3, in odier borhyaenoids) 
reiniorCeS the fact that I5/i4 is the primitive 
marsupial incisor formula. 

The skull ol Mayulestes is highly informative on 
marsupial basicranial structure. Comparison 
with the other oldest-known marsupial skeleton, 
Pucadelphys andirtus , reveals that the tympanic 
process ol the alisphenoid and the alisphenoid 
hypotympanic sinuses, characteristic ot marsu¬ 
pials, are very likely to have appeared several 
times within marsupial evolution. Therefore, 
they should not be considered aS diagnostic 
synapomorphics of the Mctatheria. In all 
borhyaenoids the squamosal participates in the 
formation of the alisphenoid sinus. This charac¬ 
ter state, which is absent from all the other mar¬ 
supials represents one of the- main synapo- 
motphieS of the superfamily. Most of the other 
cranial features of Mayulestes are therian, tribos- 
phenidan, or marsupial plesiomotphies. 

The postcranial skeleton of Mayulestes clearly 
indicates an animal that was at least partially 
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arboreal. Many features are shared with the 
didelphoids (including Pucadelphys) which are 
primitively arboreal (secondarily terrestrial for 
some forms). Puaidclphp is regarded here as par¬ 
tially arboreal contrary to former interpretations 
(Marshall & Sigogneau-Russell 1995). Among 
the many arboreal features borne by Mayulestes 
some are shared with other arboreal therian and 
non-therian mammals. A medial distal condyle 
of the femur that is narrower than the lateral 
condyle is found in Mayulestes , Pucadelphys, the 
living didelphids, phalangerids, Dendro/agus, 
Eozostrodon> Mcgazostrodou , Erythrotherium, 
arboreal multitubcrculatcs ( Stygimys , Ptilodus , 
? Eucosmodan, ? Mcsodma) and llaikelolheriuni. 
A sigmoid tihia Is found in Mayulestes, in all 
living didelphids, in phalangerids (less marked 
than in didelphids), in Eozostrodon, in arboreal 
mulrituberculatcs ( Ptilodus , ? Me so dm a) and in 
Henkelotherium. Considering their distribution 
these two features are probably' plesiomorphic, 
However, it is noteworthy that they are present 
only' in living arboreal marsupials (although nor 
in all of them) or in fossil mammals interpreted 
as arboreal. They are absent in the Asian multi- 
tubcrculates, regarded as terrestrial by Kielan- 
Jaworowska & Gambarian (1994). Therefore, 
these features are very probably related to some 
kind of arboreality. If tfiesc hypotheses arc cor¬ 
rect, they would indicate that some atborcal fea¬ 
tures are plesiomotphic for mammals. This docs 
not imply that arboreality is a plesiomorphic fea¬ 
ture for mammals as hypothesized by Matthew 
(1904). Furthermore, as clearly stated by 
Jenkins & Farrington (1976) arboreality' is a very 
relative state since the influence of behaviour 
may greatly influence the habirs of mammals. 
Moreover, as stated by Jenkins & Farrington 
(1976: 425, 426) the question of arboreal vs ter¬ 
restrial specialisation in diminutive mammals is 
probably invalid sit tee at ‘‘ground level, obstacles 
that requires climbing are common and vegeta- 
rion provides a continuum of substrate possibili¬ 
ties between rhe terrestrial and the arboreal”, ft is 
also noteworthy that several Late Cretaceous 
mammals from Mongolia (eutherians and multi- 
tuberculates) have been regarded as terrestrial 
(Kielan-Jaworowska 1977. 1978; Kielan- 
Jaworowska & Gambaryan 1994); undoubredly 


this is related to the very arid environment in 
which they were living. Although the study of 
the postCranial morphology of Alayu/estes and 
Pucadelphys does not Confirm Matthews (1904) 
theory, it does not contradict it and Certainly 
reinforces the hyporhesis of the ancestral arbo¬ 
reality of marsupials. 
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considerable improvement of die manuscript. 
This work lias benefited from much fruitful dis¬ 
cussions with R. Cifelli, L. Ginsburg, E. Jaillard, 
M. McKenna, M„ Novacek, B. Senut, 

D. Sigogneau-Russell, E. Sargis. F. Szalay. 

E. Sargis kindly helped in measuring the teeth of 
Mayulestes ar the Analytical Microscopy and 
Imaging Center in Anthropology (Hunter 
College, CUNY), Photographs are by D. Serrette 
(URA 12 CNRS); drawings are by F. Pi la rd 
(MNHN) except figure 45 which is by 
M. Parrish (US NMNH, Washington D. C.). 
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APPENDIX 

Following are the measurements of Mayulestes ferox in millimeters, e, estimated; —, measurement not 
available. 


Anteroposterior length from the tip of the right 
premaxilla to the tip of the right condyle 53.4 

Anteroposterior length from the tip of the left 
premaxilla to the tip of the left condyle 52.5 

Bizygomatic width 33.5 

Width between the lacrimal foramina 
at the anterior extremity of the orbits 17.8 

Width of the rostrum at the anterior 
opening of the infraorbital canal 13.7 

Width of the rostrum between the supraorbital 
humps (supraorbital processes) 12.8 

Minimum width of the interorbital bridge 11 

Length of the right temporal fossa 11.6 

Length of the left temporal fossa 11.4 

Maximum width of the nasals 12.7 

Width of the basicranium between 
the external auditory meati 20.2 

Length of the right tooth row (PI -M4) 16.5 

Length of the left tooth row (P1-M4) 16.6 

Length of the palate in sagittal plane 26.5 

Length of the lower cheek tooth row (p3-m4) 20 

Internal height of the dentary below middle 
of M3 7.3 


Measurements of the skull: since the crushing of the skull is 
essentially dorsoventral, the actual horizontal distortion is proba¬ 
bly not very important. Therefore, the following measurements 
represent a reasonable approximation of the actual dimensions 
of the skull. 


Height of the dentary below 
Height of the dentary below 
Height of the dentary below 
Height of the dentary below 
talonid of m4 
Length of the symphysis 


talonid of ml 

7.3 

talonid of m2 

7.1 

talonid of m3 

6.8 

posterior 

6.27 


9.15 


Measurements of the dentary. 



11 

L 

W 

12 

L 

W 

13 

L 

W 

14 

L 

W 

15 

L 

W 

Upper 

Right 

0.6 

0.6 

0.5 

0.5 







Upper 

Left 





0.7 

0.7 

0.7 

0.5 

0.6 

0.4 

Lower 

Right 

0.2 

0.4 

0.3 

0.4 

0.3 

0.3 

0.2 

0.2 


Measurements of the incisors. 
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Plr 

P2r 

P3I 

plr 

p3 1 

L 

1.12 

2.2 

2.6 

1.3 

2.2 

W 

0.78 

1 

1.4 

0.6 

1.2 

H 

0.87 

1.5 

2.5 

0.9 

2.6 


Measurements of the premolars. 







Mir 

M2r 

M3r 

M4r 

mlr 

m2r 

m3r 

m4l 

1 

2.95 

3.12 

2.96 

2.39 

2.86 

3.06 

3.36 

3.72 

2 

3.66 

4.08 

4.55 

1.83 

1.11 

1.21 

1.43 

1.2 

3 

2.48 

3.27 

3.72 

3.68 

1,24 

1.84 

1.87 

1.98 

4 

2.86 

3.09 

2.89 

1.95 

1.74 

2.2 

2.09 

2.34 

5 

3.29 

391e 

4.29 

3.39 

1.89 

1.91 

1.87 

2.03 

6 

1.31 

1.42 

1.41 

0.83 

1.19 

1.92 

1.9 

2.07 

7 

1.46 

1.48 

1.48 

1.02 

- 

- 

3.32 

3.54 

8 

2.1 

1.98 

1.85 

1.27 

- 

- 

1.61 

1.48 

9 

0.99 

1.08 

1.19 

- 

- 

— 

1.6 

2.03 

10 

2.72 

3.55 

3.5 

- 

- 

- 

1.78 

1.96 

11 

1.44 

1.47 

1.73 

- 

0.91 

0.89 

1.34 

1.08 


Measurements of the molars: upper (A, B) and lower (C-E) teeth 
of Mayuleste s ferox showing orientations for measurements; 
1-11, upper molar, 1-8, lower molar. Unarrowed thick line on A 
is an axis of orientation. 
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Maximum length of the neural arch 
Maximum width of the neural canal 
Maximum width between the lateral 
borders of the occipital facets 
Maximum width of the intercentrum 
Maximum height of the left occipital facet 
Maximum width of the left occipital facet 
Maximum height of the left axoidian face 
Maximum width of the left axoidian facet 


5.5 
6 

12.5 
6 

4.2 
3 

4.3 

Measurements of the atlas (CV1). 


Maximum length of the neural spine 
Maximum ventral length 
Maximum height of the axis at the level 
of the posteroventral border of the centrum 
Maximum width between lateral borders 
of the atloidian facets 
Posterior width of the centrum 
Posterior height of the centrum 
Width between the postzygapophyses 
Ventral length of the dens 
Height of the dens 
Width of the dens 


13 

9.5 

11 

8.2 

4.7 

3 

7 

2.9 

1.5 
2 

_Measurements of the axis (CV2). 



CV?3 

CV?5 

Length of the centrum 

4 

3.7 

Anterior width of the centrum 

- 

4.5 

Posterior width of the centrum 

4.6 

4.3 

Anterior height of the centrum 

- 

2 

Posterior height of the centrum 

2 

2 

Width between prezygapophyses 

- 

9 

Measurements of CV?3 and CV?5. 



T?1 

T?12 

T?13 

Length of the centrum 

4.2 

6.2 

6.4 

Anterior width of the centrum 

4.5 

4.6 

4.8 

Anterior height of the centrum 

2.7 

2.3 

3 

Posterior width of the centrum 

4.2 

4.7 

8 

Posterior height of the centrum 
Width between transverse 

2.4 

2.5 


processes 

lie 

- 

- 

Width between anapophyses 
Width between 


7.1 

6.7 

prezygapophyses 

Width between 

7.3 

5.7 

— 

postzygapophyses 

6 

4.1 

- 

Height at level of the spine 

- 

7.2 

7.2 


Length of the spine at apex - 3 2.9 

__Measurements of thoracic vertebrae. 
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LI 

L2 

L3 

L4 

L5 

Length of the centrum 
Anterior width of 

7 

7.4 

8.2 

9 

7.4 

the centrum 

Anterior height of 

5.7 

4.8 

5.2 

5.2 

5.4 

the centrum 

Posterior width of 

— 

3.4 

2.8 


3.7 

the centrum 

Posterior height of 

4.3 

4.8 

5.7 

5.5 

6 

the centrum 

Width between trans¬ 

3 

3.2 

2.8 

3.2 

3.7 

verse processes 
Length between 

6.6e 




13.7 

anapophyses 

Width between 


7e 




prezygapophyses 
Width between 

6.7 

7.5 

— 

— 

9 

postzygapophyses 
Height of vertebra 

5.7 

5.9 

5.9 

— 

7.8 

at level of spine 
Length of the spine 

9 

10 


— 

13.5 

at apex 

3.4 

3 

2 

- 

2.3 


Measurements of lumbar vertebrae. 



C?1 

C?3 

C?8 

C?9 

Length of the centrum 
Anterior width of 

5 

6.7 

16 

16 

the centrum 

Anterior height of 

4.3 

3.5 

5.4 

4.8 

the centrum 

Posterior width of 

3.5 

3.5 

3 

3.3 

the centrum 

Posterior height of 

5 

3.5 

5.4 

5 

the centrum 

Width between anterior 

3.3 

3.6 

3.7 

3 

transverse processes 
Width between posterior 


— 

7.5 

7.5 

transverse processes 
Width between 

— 


7.3 

7 

prezygapophyses 

Width between 

6 

6 

4.8 

4 

postz ygapophy ses 

- 

3e 

2.5 

2.6 


Measurement of the caudal vertebrae. 


Maximum length of the infraspinatus 


fossa, parallel to the spine 

25.08 

Maximum anteroposterior length 


parallel to the spine 

16.97 

Length of the glenoid cavity 

5.63 

Width of the glenoid cavity 

3.77 

Maximum anteroposterior length 


of the acromfon 

6.14 

Proximodistal length of the acromion 

9.65 

Maximum height of the spine 

4.00 


Measurements of the scapula 
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Length 

Transverse width of the head 
Anteroposterior length of the head 
Length of deltoid crest 
Transverse width of proximal extremity 
Maximum width of the distal articular 
surface in anterior view 
Width of the capitulum in anterior view 
Height of the capitulum in anterior view 
Width of the trochlea In anterior view 
Height of the trochlea in anterior view 
Height of the capitulum in distal view 
Height of the trochlea in distal view 
Depth of the trochlea in posterior view 
Angle between anterior and posterior 
edge of trochlea in distal view 


32.54 

4.78 

4.89 

17.9 

9.91 

6.48 

3.36 

1.97 

1.66e 

1.75 

3.21 

2.66 

0.89 

56° 

_ Measurements of the left humerus. 


Length 37.74 

Length from apex of olecranon to coronoid 
apophysis 10.5 

Length of olecranon from apex to proximal 
extremity of greater sigmoid cavity 
in medial view 4.72 

Maximum anterior length of the olecranon 12 
Proximodistal length of greater sigmoid 
cavity in medial view 6.2 

Width of proximal edge of the sigmoid cavity 3.53 

Width of olecranon at apex 3.1 

Width at the level of the coronoid apophysis 4.68 

Anteroposterior length at proximal edge 
of sigmoid cavity 3.7 

Length of medial branch of proximal 
edge of greater sigmoid cavity 2.58 

Length of lateral branch of proximal 
edge of greater sigmoid cavity 1.48 

Angle between olecranon and shaft 
in anterior view 149° 

Angle between olecranon and shaft 
in lateral view 166° 


Measurements of the ulna. 


Length 

29.46 

Width of proximal epiphysis 

3.96 

Length of proximal epiphysis 

- 

Length between proximal end and 


distal border of bicipital tuberosity 

5.02 

Width of distal epiphysis 

4.35 

Length of distal epiphysis 

2.74 


Measurements of radius. 
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Length 7 

Width of diaphysis at mid-length 0.9 

Anteroposterior length of diaphysis 
at mid-length 1.8 

Width of distal epiphysis 2.6 

Anteroposterior length of distal epiphysis 1.4 

__ Measurements of the metacarpals (McV). 


Length 

Length of the ilium from anterior extremity 
to centre of acetabulum 

Dorsoventral breadth of iliac wing 
Anteroposterior diameter of acetabulum 
Maximum dorsoventral diameter of 
acetabulum 

Length from posterior border of sciatic 
spine to posterior border of ischium 

42.57 

25.2 

7.17 

6.6 

6.1 

11.95 

• 

Length 

40.77 

Proximal transverse width 

10.23 

Length from tip of greater trochanter 


to ventral border of head 

4.13 

Length from tip of greater trochanter 


to distal end of lesser trochanter 

10.36 

Mediolateral length of the head 


in posterior view 

6.08 

Anteroposterior length of the head 


in proximal view 

3.84 

Length from tip of greater trochanter 


to distal end of trochanteric fossa 

5.48 

Transverse diameter at mid-length 


of the shaft 

3.66 

Anteroposterior diameter at mid-length 


of the shaft 

2.76 

Transverse width of distal extremity 

7.54 

Anteroposterior length of lateral distal 


condyle 

6.06 

Width of left lateral distal condyle 


in posterior view 

4.2 

Width of right lateral distal condyle 


in posterior view 

3.6 

Width of right medial distal condyle 


In posterior view 

2.7 

Height of right lateral condyle 


in posterior view 

2.35 

Width of left trochlear groove 

4.2 

Width of right trochlear groove 

3.5 

Lateral height of trochlear groove 


in anterior view 

4.4 

Medial height of trochlear groove 


in anterior view 

3.56 

Lateral length of trochlear groove 


in distal view 

3.77 

Medial length of trochlear groove 


in distal view 

3.11 


Measurements of the innominate. 


Measurements of the femur. 
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Length 

40.68 

Proximal transverse width 

7.5 

Proximal anteroposterior length 

5.2 

Width of the lateral proximal condyle 

3.18 

Width of the medial proximal condyle 

2.59 

Anteroposterior length of the lateral 


proximal condyle 

3.17 

Anteroposterior length of the medial 


proximal condyle 

3.55 

Distal transverse width 

4.1 

Distal anteroposterior length 

3.78 

Proximodistal length of malleolus 

1.84 

Width of the malleolus 

2.18 

Width of astragalar facet from base 


of malleolus to lateral edge 

1.95 

Angle between the flexion axis 


of the knee (ca.greatest width 


of the proximal epiphysis) 


and the plane of the malleolus 

48° 


Distal transverse width 4.5 

Distal anteroposterior length 3.8 


Length 

9.5 

Width of the tuber at mid-length 

1.8 

Height of the tuber at mid-length 

3.2 

Proximodistal length of ectal facet 

3.3 

Transverse width of ectal facet 

1.8 

Maximum distal width 

5.5 

Width of cuboid facet 

3.3 

Dorsoplantar length of cuboid facet 

2.7 



Mt?lll 

MtIV 

Length 

13.4 

12.1 

Proximal width 

2.2 

2 

Distal width 

2.8 

2.7 


Measurements of the tibia. 


Measurements of the fibula. 


Measurements of the calcaneum. 


Measurements of metatarsals. 
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